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GEOLOGY OF THE FOOTWALL OF THE NORTHERN PLOMOSA MOUNTAINS  




The northern Plomosa Mountains is a N-S trending range in the lower Colorado 
River Extensional Corridor, west-central Arizona – a region which hosts several highly 
extended terrains known as metamorphic core complexes. Metamorphic core complexes 
are characterized by low-angle normal faults (detachment faults) which have 
accommodated tens of kilometers of extension, and juxtapose a brittlely-deformed hanging 
wall against a ductilely-deformed footwall. The primary structural feature of the northern 
Plomosa Mountains is the Plomosa detachment fault, a gently-dipping low-angle normal 
fault. Though 1:24,000 scale geologic mapping had previously been conducted in the 
northern Plomosa Mountains, little work had been done in the metamorphic footwall of the 
Plomosa detachment fault, which was the focus of this study. 
New 1:10,000-scale geologic mapping, structural and microstructural analysis, and 
U-Pb zircon geochronology reveals that the footwall of the Plomosa detachment fault is 
dominated by early Miocene mylonitic fabrics associated with detachment faulting, 
demonstrating that the northern Plomosa Mountains is a metamorphic core complex 
similar to adjacent core complexes in the region. Three mylonitic units dominate the 
footwall of the Plomosa Mountains core complex: 1) Orocopia Schist, 2) an early Miocene 
intrusive complex, and 3) gneiss. The quartzofeldspathic Orocopia Schist encompasses 10.5 
km2 of the northern Plomosa Mountains, and locally contains graphitic plagioclase 
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porphyroblasts, and coarse-grained green actinolite pods 0.2–1.5 m wide are scattered 
throughout the Orocopia Schist. These pods are high in Mg, Cr, and Ni, strongly suggesting 
derivation from an ultramafic protolith. A laterally continuous unit of amphibolite (~3.5 
km long, 10–150 m thick), interpreted as Orocopia metabasalt, is localized along a 
moderately SE-dipping contact between the Orocopia Schist and the gneiss, and contains 
metachert layers 3–30 cm thick. L>S mylonitic fabrics are common throughout the 
Orocopia Schist and gneiss, and a zone of L-tectonites is localized along their contact. The 
Miocene intrusive complex, which is dominated by biotite granodiorite and hornblende 
diorite, parallels the detachment fault along its eastern margin, and the gneiss is corrugated 
about a NE-trending subhorizontal axis. 
Mylonitic fabrics have systematic NE-SW-trending lineations (average T/P = 
[220/09]), and record top-to-the-NE shear. The Plomosa detachment fault defines a broad 
NE-trending corrugation parallel to its slip direction, and on average dips ~12° to the NE. 
NW-striking normal faults, joints, and dikes throughout the footwall record NE-SW 
extension consistent with that of the mylonitic fabrics, indicating there was no change in 
extension direction between the ductile and brittle regimes. Dynamically recrystallized 
quartz grain sizes and mechanisms suggest the gneiss and the Orocopia Schist underwent 
amphibolite-facies mylonitization, locally with evidence of overprinting by upper- to 
middle-greenschist-facies mylonitization, whereas the Miocene intrusive complex 
dominantly records upper- to middle-greenschist-facies mylonitization. Based on the 
geometry and deformation conditions of footwall fabrics, three separate mylonitic shear 
zones were identified: I) A pre-Miocene, originally moderately NE-dipping (~50°) normal-
sense shear zone which deformed the corrugated gneiss. II) An originally shallowly NE-
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dipping (~25°) normal-displacement Miocene shear zone, active before initiation of the 
detachment fault, and which primarily deformed the Orocopia Schist and Miocene intrusive 
complex. III) A detachment-subparallel Miocene shear zone that deformed rocks adjacent 
to the Plomosa detachment fault. The Miocene intrusive complex was mylonitized prior to 
exhumation by the Plomosa detachment fault, suggesting that magmatism slightly predated 
or was coeval with initiation of detachment faulting. 
U-Pb zircon geochronology of the Orocopia Schist reveals an abrupt drop-off of 
Th/U ratios >0.1 at 68–70 Ma, which demarcates the maximum depositional age of the 
Schist. A high density of Th/U ratios <0.1 between 75–50 Ma zircons record metamorphism 
of the Schist after it was subducted. Xenocrystic zircons in the Miocene intrusive complex 
have an identical distribution of ages and Th/U ratios as the Orocopia Schist, indicating that 
the Schist was melted or assimilated during early Miocene plutonism. The early Miocene 
pre-detachment paleo-depth of the top of the Orocopia Schist is 3–4 km, suggesting a 
Paleogene exhumation event brought the Schist to upper-crustal depths after it was 
subducted beneath the crust 
Late-stage dextral and sinistral faults strike N and ENE, respectively, and associated 
barite and carbonate veins strike NE. These faults locally cut moderately-consolidated 
colluvium, and veins cut NW-striking joints and faults associated with detachment faulting. 
Together these structures record a minor phase of WNW-ESE extension, which is 
attributed to regional post-middle Miocene dextral faulting, with the northern Plomosa 
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The northern Plomosa Mountains are a N-S trending range within the Basin and 
Range Province of Arizona (Figure 1), located in La Paz county, ~30 km SE of the town of 
Parker and immediately west of the town of Bouse. The primary structural feature of the 
northern Plomosa Mountains is the Plomosa detachment fault (Scarborough and Meader, 
1983), a gently-dipping normal fault responsible for the exhumation of mid-crustal 
mylonitic rocks that comprise most of the footwall of the northern Plomosa Mountains 
metamorphic core complex (Figure 2). Though several workers have conducted geologic 
mapping in this area (Jemmett, 1966; Scarborough and Meader, 1983; Spencer et al., 2015), 
prior to this study no detailed mapping or significant structural analysis had been done 
within the mylonitic footwall, nor had the age of footwall fabrics been documented. The 
goal of this study is to better understand the deformation  and metamorphic history of the 
northern Plomosa Mountains metamorphic core complex, which was accomplished 
through 1:10,000-scale geologic mapping, collection of structural measurements of both 
ductile and brittle features, and analysis of petrographic thin sections from samples 
collected across the footwall. In addition, zircon U-Pb geochronology was used to 
determine the age of footwall mylonitization and to understand the age and provenance of 
a quartzofeldspathic schist unit that dominates the northern half of the study area. This 
study was funded by the USGS EDMAP grant G16AC00142 and NSF Tectonics Program 








Figure 2: Simplified geologic and structural elements of the lower Colorado River extensional corridor. 
The northern Plomosa Mountains is located to the lower left of center. Modified from Singleton and 
Mosher (2012) (originally modified from Spencer and Reynolds 1989). 
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1. Geologic Background 
1.1. Metamorphic Core Complexes 
Metamorphic core complexes are terrains of large-magnitude extension (tens of 
kilometers) accommodated by low-angle (<30°), normal-offset detachment faults. In most 
core complexes detachment faults juxtapose mylonitized mid-to-lower-crustal rocks 
against upper-crustal rocks that have undergone intense brittle deformation and dissection 
by normal faults (Figure 3) (Lister and Davis, 1989). Western North America hosts many 
classic core complexes that form a discontinuous, sinuous belt extending from British 
Colombia to Sonora Mexico (Coney, 1978, 1980) (Figure 4). Confined within the Cordilleran 
orogen, Cordilleran metamorphic core complexes have diachronous formation ages that 
are predominantly Eocene north of the Snake River Plain, and Oligocene to Miocene south 
of the Plain (Coney 1978, 1980). Though they post-date Mesozoic shortening, north of 
Arizona, Cordilleran core complexes consistently lie immediately west of the front of the 
Mesozoic Sevier folds and thrusts. To explain the association between Mesozoic contraction 
and associated crustal thickening with Cenozoic extension, Coney and Harms (1984) 
proposed the crustal welt hypothesis, which states that major continental extension is 
driven by gravitational collapse of locally over-thickened crust (crustal welts) that develop 
during orogenesis.  
A popular model for the evolution of metamorphic core complexes involves a low-
angle detachment fault (though perhaps high-angle near surface) that cuts down into the 
mid-to-lower crust and soles into a near-horizontal mylonitic shear zone that records a 
sense of shear parallel to the detachment slip direction (e.g. Lister and Davis, 1989, 
Singleton and Mosher, 2012). As the mylonitic shear zone is exhumed to the brittle regime, 
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deformation is localized along the detachment fault, beneath which mylonitic fabrics are 
locally overprinted by cataclastic deformation and intense chloritic alteration (e.g. Davis et 
al., 1986). Additionally, the detachment fault may incise into the footwall or excise into the 
hanging wall, creating more complicated relationships than shown in Figure 3 (Lister and 
Davis, 1989). Another important concept for the development of core complexes 
(illustrated in Figure 3) is footwall arching via isostatic rebound in response to removal of 
the overlying hanging wall, resulting in a broadly folded mylonitic shear zone with a fold 
axis trending perpendicular to the displacement direction. Reynolds and Lister (1990) 
documented the association of folded mylonitic shear zones with antithetic shears (shears 
with oppositely directed normal displacement than the overall normal displacement) that 
occur near the back-dipping mylonitic front (Figure 5). Because these antithetic shears 
formed during the late-stage of mylonitization, Reynolds and Lister (1990) concluded that 











Figure 4: Distribution of metamorphic core complexes and other structural elements in the western U.S. 




Figure 5: A schematic cross-section of antithetic shears within a metamorphic core complex. From 




Another common feature of metamorphic core complexes is the corrugated 
geometries of their detachment faults and underlying mylonitic fabrics. These corrugations 
are particularly pronounced in the Buckskin-Rawhide and Harcuvar Mountains, just NE of 
the northern Plomosa Mountains (Figure 2), which have nearly horizontal, NE-trending 
corrugation axes approximately parallel to the direction of extension. Based on 
observations in the central Mojave metamorphic core complex, Fletcher and Bartley (1994) 
proposed a model where corrugations form in response to non-coaxial constrictional strain 
during mylonitization, and they suggest that because corrugations are common throughout 
core complexes, constrictional strain may also be a common result of large-magnitude 
extension. Singleton (2013) documented constrictional strain in the Buckskin-Rawhide 
Mountains in the form of L>S tectonites within a homogenous Miocene mylonitic granitoid 
(the Swansea Plutonic Suite), and upright meter- and kilometer-scale folds in well-layered 
pre-Tertiary rocks of the lower plate, similar to what was observed by Fletcher and Bartley 
(1994) in the central Mojave. However, Singleton (2013) proposed that the corrugations in 
the Buckskin-Rawhide core complex are late-stage features because of the observation that 
most lower-plate folding occurred by post-mylonitic flexural slip in the well-layered rocks. 
Another model proposed to explain corrugations is the continuous casting  model by 
Spencer (1999), which states that corrugations are imprinted onto the plastically 
deforming footwall by initially corrugated detachment faults. 
Metamorphic core complexes in southeastern California and southwestern Arizona 
are commonly associated with synmylonitic igneous intrusions (e.g. in the South 
Mountains, Reynolds, 1986, the Buckskin-Rawhide Mountains, Bryant and Wooden, 2008, 
Whipple Mountains, Gans and Gentry, 2016), though their exact temporal relationships 
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remain debated. Coney and Harms (1984) state that their proposed crustal welts would 
have remained stable until post-Laramide magmatism lowered the viscosity of the crust, 
suggesting that large-magnitude extension initiated in response to magmatism. Spencer et 
al. (1995) agree with the crustal welt hypothesis, concluding that extension in 
southwestern Arizona initiated in response to magmatism, and that the local magnitude 
and duration of extension was primarily controlled by preexisting crustal thickness and 
topography. Also, Lister and Baldwin (1993) state that there are strong spatial and 
temporal associations of shear zones with intruded igneous bodies in core complexes, and 
that viewing ductile deformation as a response to plutonic activity may better explain 
documented pulses of ductile shearing. 
1.2. Lower Colorado River Extensional Corridor 
The northern Plomosa Mountains are located within the lower Colorado River 
Extensional Corridor (LCREC), a tilt-domain of the southern Basin and Range Province 
(Figures 2 and 5) (Howard and John, 1987). Late Oligocene to Miocene extensional 
deformation within the Basin and Range province of Arizona was accomplished by low-
angle normal faults associated with metamorphic core complexes and high-angle normal 
faults that form the typical basin-and-range topography (Spencer and Reynolds, 1989). 
Within Arizona, low-angle normal faulting accommodated NE-SW directed extension 
(Zoback et al, 1981; Spencer and Reynolds, 1991), and kinematic data from the Buckskin-
Rawhide Mountains indicate that near the end of detachment faulting the extension 
direction rotated clockwise from NE-SW to ENE-WNW and E-W, with E-W extension 
accommodated primarily by NE-dipping dextral and oblique dextral-normal faults 
(Singleton, 2015). The clockwise rotation in extension direction is attributed to the 
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superposition of dextral shear from the San Andreas fault system onto the Basin and Range 
extensional system (Singleton, 2015).  
The LCREC is divided into several structural belts as described by Spencer and 
Reynolds (1990a) (Figure 6). The southwestern-most belt of extension (labeled B in Figure 
6  in which the northern Plomosa Mountains lies is described as a synformal keel of 
extended upper-plate rocks separated from the [southerly] adjacent unextended area by a breakaway fault  (Spencer and Reynolds, 1990a). To the northeast is a belt of metamorphic 
core complexes (labeled C) which includes the Chemehuevi Mountains, Whipple 
Mountains, Buckskin-Rawhide Mountains, and Harcuvar Mountains. The northeastern-
most extensional domain of the LCREC is an extended wedge of hanging wall rocks (labeled 
D) which lie structurally above low-angle detachment faults, and grades into a region of 
large fault blocks (labeled E) bounded by high-angle normal faults (Spencer and Reynolds, 
1990a). Mylonitic crystalline rocks of the Whipple Mountains, Buckskin-Rawhide 
Mountains, and Harcuvar Mountains metamorphic core complexes (extensional belt C in 
Figure 6) comprise the footwall of the regionally extensive Whipple-Buckskin-Rawhide-
Bullard detachment fault system. This detachment fault system is estimated to have 
accommodated 40–60 km of NE-directed extension, having exhumed rocks from 10–15 km 
depth (Spencer and Reynolds, 1991; Singleton et al., 2014; Prior et al., 2016).  Mylonitic 
rocks in the footwall have well-developed stretching lineations trending 040–060 and 
record top-to-the-NE shear parallel to the detachment fault slip direction (Spencer and 
Reynolds, 1989; Singleton, 2015). Extension along these core complexes initiated in the 
early Miocene and ended prior to the late Miocene (Spencer and Reynolds, 1989), and low-
temperature thermochronology and geochronology conducted by Singleton et al. 2014 
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indicate that slip on the Buckskin detachment fault system initiated between ~21–20 Ma 
and continued until ~12–11 Ma, with a spatially variable time-average slip rate of ~2–6 
km/Myr.   
The extensional belts of the LCREC trend SE and overlap an E-W trending zone of 
Cretaceous shortening known as the Maria fold-and-thrust belt (MFTB) (Reynolds et al., 
1986) (Figure 6). Thrusts of the MFTB primarily verge SW, S, or SE, away from the North 
American craton (Reynolds et al., 1986; Laubach et al., 1989; Spencer and Reynolds, 
1990a), in contrast to the rest of the ~N-S-trending Cordillera where thrusts typically verge 
towards the craton. The MFTB is also characterized by large-scale ENE- to E-trending 
south-facing folds (Reynolds et al., 1986). Deformation in the MFTB was commonly ductile 
in nature. For example, in the Granite Wash Mountains (just east of the northern Plomosa 
Mountains) the Hercules thrust zone was active under greenschist facies metamorphic 
conditions (Laubach et al., 1989), and the Tyson thrust in the Dome Rock Mountains (just 
southwest of the northern Plomosa Mountains) has mylonitized Proterozoic Gneiss in the 
hanging wall (Boettcher and Mosher, 1989).  
An explanation for the anomalous E-W to ENE-WNW trend of the MFTB proposed 
by Dickinson and Lawton (2001) and Spencer and Reynolds (1990a) is that the MFTB may 
have activated along a failed rift of the Bisbee-McCoy basin, which formed in the Late 
Jurassic presumably in response to slab-roll back of the Farallon Plate (Decelles, 2004). 
Coincidently, where the MFTB is cross-cut by the extensional belts of the LCREC, the trends 
of the extensional belts and exposures of metamorphic core complexes along the 
Cordilleran orogen change from N-S trending to WNW-ESE trending. An explanation for the 
coincidence between the change in orientation of extensional belts at the intersection of 
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the MFTB is that the orientation of the LCREC may have been primarily controlled by the 
orientation of a crustal welt that formed from Mesozoic shortening along the MFTB 
(Spencer and Reynolds, 1990a). Interestingly, evidence for Cretaceous gravitational 
collapse of a crustal welt may be recorded in the Dome Rock Mountains, where Boettcher 
and Mosher (1998) documented ductile thrust zones that were reactivated as NE-directed 
normal-sense shear zones shortly after (0–10 million years) peak metamorphism in the 
Late Cretaceous. Recent geo/thermochronology and microstructural studies suggest that 
latest Cretaceous to early Paleogene NE-directed normal-sense shear zones are also 
present in the Harcuvar Mountains and Buckskin-Rawhide Mountains (Wong et al., 2013; 




Figure 6: Structural belts B, C, D, and E of the LCREC referred to in the text. From Spencer and 
Reynolds (1990a). Blue box is the mapping area of this study. 
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1.3. Northern Plomosa Mountains 
Within the study area, the bedrock geology of the northern Plomosa Mountains 
consists primarily of hanging wall sedimentary, metasedimentary, volcanic, and granitic 
rocks juxtaposed along the Plomosa detachment fault against footwall metamorphic rocks. 
Most Miocene sedimentary and volcanic rocks were deposited in syn-extensional basins 
that formed between rotating fault blocks in the dissected hanging wall of the Plomosa 
detachment fault. Pre-Cenozoic hanging wall rocks have also undergone complex faulting 
prior to Miocene extension (Spencer et al. 2015), and sedimentary and volcanic rocks of the 
upper-plate host mid-Miocene Au-Cu mineral deposits of the Northern Plomosa Mineral 
District, which included twelve small mines that operated in the first half of 20th century 
extracting copper ore (up to 7.6% Cu) with minor gold and silver (Duncan, 1990). The 
Plomosa detachment fault is the middle of three imbricate low-angle detachment fault 
systems that were active during the early to middle Miocene in west-central Arizona 
(Spencer and Reynolds, 1991). Based on tectonic reconstructions, the Plomosa detachment 
fault accommodated ~15–30 km of NE-directed extension, whereas the Buckskin-Rawhide 
detachment fault (the structurally highest of the three imbricate detachment faults) 
accommodated up to 60 km of extension (Spencer and Reynolds 1991). Apatite and zircon 
fission-track dates suggest that the footwall of the Plomosa detachment fault was exhumed 
between 23–15 Ma, similar to the initiation and end of detachment faulting of nearby core 
complexes (Foster and Spencer, 1992). 
Approximately 3.5 km south of the study area is the Cretaceous Plomosa Pass thrust 
zone, a portion of the MFTB comprised of N- and NE-verging thrust faults and mylonite 
zones, and E- and SE-trending folds within Paleozoic to Mesozoic sedimentary units 
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(Spencer and Reynolds, 2015). The largest structure in this zone is the NE-vergent 
Deadman thrust, which bounds a mylonite zone up to ~500 m thick (Scarborough and 
Meader, 1983; Steinke, 1997). 40Ar/39Ar thermochronologic data from the Plomosa Pass 
area document a period of Cretaceous to Miocene cooling at the Plomosa Mountains 
(Knapp and Heizler, 1990). Based on this data, Knapp and Heizler (1990) concluded that 
there was a period of regional heating in the Late Cretaceous, slow cooling during the early 
Tertiary, and rapid cooling in the late Oligocene to early Miocene. In addition, they inferred 
that partial resetting of K-feldspar in the northern Plomosa Mountains may have been 
caused by a renewed heating event during Tertiary detachment faulting. 
1.4. Pelona-Orocopia-Rand schists 
An exposure of Orocopia Schist was recently discovered at Cemetery Ridge in SW 
Arizona, ~70 km SE of the northern Plomosa Mountains (Haxel et al., 2014). Because the 
emplacement of the Pelona-Orocopia-Rand (POR) schists of southeastern California and 
southwestern Arizona (Figure 7) was a wide-spread tectonic event, the close proximity of 
the new exposure of Orocopia Schist to the northern Plomosa Mountains warrants their 
discussion. The POR schists are interpreted as Late-Cretaceous to early Paleogene 
metamorphosed trench sediments (Jacobson et al., 2000) subducted during the Laramide 
Orogeny and likely accreted beneath the lower continental crust during slab flattening of a 
segment of the Farallon plate (Saleeby, 2003). The recognition of POR schists as exhumed 
subduction complexes occurred nearly 50 years ago (Crowell, 1968; Yeats, 1968), yet the 
exposure of Orocopia Schist at Cemetery Ridge was not discovered until over 40 years later 
(Haxel et al., 2014). The POR schists are intriguing because they were exhumed over 100 
km inland from the oceanic trench (Jacobson et al., 2000), whereas the likely correlative 
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Franciscan assemblages, a Cretaceous accretionary complex of deformed greywackes, 
shales, and exotic blocks, crop-out in the Coast Ranges and Great Valley of California, in 
close proximity to the paleo-oceanic trench (Taliaferro, 1943; Ernst, 1970; Chapman et al., 
2016). 
The Orocopia Schist comprises the bodies of POR schists nearest to the Plomosa 
Mountains (Figure 7), and is thought to have a younger depositional age than the Pelona 
and Rand Schists in southern California (Barth et al., 2003; Grove et al., 2003, 2008; 
Jacobson et al., 2011, Chapman et al., 2013, 2016; Dumitru et al., 2016). Characteristics of 
the Orocopia Schist include the quartzofeldspathic nature of the schist itself, the inclusion 
of porphyroblasts of graphitic albite within the schist, and the association of the Orocopia 
schist with metabasalt (amphibolite), ferromanganiferous metachert (quartzite), siliceous 
marble, and layers, lenses, and/or pods of coarse-grained actinolite-talc rock and talc-
actinolite schist scattered in minor quantities (Haxel and Dillon, 1978; Haxel et al., 2002). 
The interpretation of oceanic origins for the Orocopia Schist, metabasalt, and metachert is 
supported by geochemical evidence; bulk major element composition of the Orocopia 
Schist is similar to unmetamorphosed graywacke (Haxel et al., 1987), ratios of immobile 
key trace elements of the metabasalt are similar to normal- to enriched-type MORB, and 
metachert generally has a negative cerium (Ce) anomaly, characteristic of seawater and 
many oceanic nondetrital sedimentary rocks (Haxel at al., 2002). The Orocopia Schist at 
Cemetery Ridge of SW Arizona (Figure 7) is unique because of its extreme inboard location 
compared to other POR schist localities (~300 km from the paleo-continental margin), and 
by the inclusion of numerous large blocks ( 300 m) of variably serpentinized mantle 
peridotite, which is often rimmed by metasomatic rock of actinolite (Haxel et al., 2014). The 
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rims of metasomatic actinolite around ultramafic rock at Cemetery Ridge are identical to 
actinolite found as pods scattered throughout other Orocopia Schist localities, revealing 
that the scattered actinolite pods are likely also metasomatized ultramafic rocks. Another 
similarity between exposures of Pelona and Orocopia Schist is they have been exhumed 
along normal faults and are typically juxtaposed against gneissic and granitic rock (Haxel 
and Dillon, 1978). 
Detailed thermochronologic studies of Orocopia Schist at the Gavilan Hills (Picacho 
area in Figure 7) and Orocopia Mountains revealed two distinct periods of rapid cooling 
which took place during the Eocene and latest Oligocene to early Miocene (Jacobson et al., 
2002, 2007), leading to the inference that the Orocopia Schist has undergone two phases of 
exhumation. Chapman (2016) summarizes explanations for the Eocene cooling event into four models. The first two models are the isostacy  model Jacobson et al., 1996, 2007) and the passive roof thrust  model Yin,  which involve schist rising from the 
subduction channel through the lower crust at the location they are currently exhumed. The second two models are the Extrusion  model Chapman,  and the Return Flow  
model (Cloos, 1982) which involve schist migrating in the subduction channel back 
towards the oceanic trench. The second cooling event is accepted to be the result of 




Figure 7: Locations of POR schists in southeast California and southwest Arizona. Modified from Haxel et 
al. (2014). Maria fold-and-thrust belt outline from Spencer and Reynolds (1990a). 
 
2. Previous Studies of the Northern Plomosa Mountains 
The first comprehensive geologic study of the northern Plomosa Mountains was by 
Jemmett (1966) who assessed the stratigraphy, faulting, and mineralization in the area. He 
identified a group of younger  metamorphic rocks, which make up the footwall of the 
Plomosa detachment fault, and described the unit as predominantly gneiss in the southern 
portion, and schist toward the north, which agrees with the results of this most recent 
mapping.  
Scarborough & Meader (1983) conducted reconnaissance mapping of the northern 
Plomosa Mountains. They described the metamorphic footwall as predominantly 
compositionally layered gneisses, and they interpreted several NE-trending folds based on 
sparse measurements of metamorphic fabrics. They also inferred the Plomosa detachment 
fault and its footwall to be arched along a large NE-trending antiform, the axis of which 
they projected just north of the Plomosa Pass area.   
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Duncan (1990) conducted a detailed study of the mineralization and alteration in 
the Northern Plomosa district, an economic-mineralized area in the hanging-wall of the 
Plomosa detachment fault just NNE of this study area. Duncan (1990) determined the 
sequence of extension-related mineralization and alteration in the hanging wall Tertiary 
units, including pervasive potassium metasomatism, and he suggested that a late-stage 
rejuvenation of mineralizing fluids and increase in temperature were possibly due to an 
unidentified igneous source. He also noted that samples of barite from the footwall of the 
Plomosa detachment fault have different sulfur isotope values than the barite in the 
hanging wall, suggesting at least two sources of sulfate. 
Spencer et al. (2015) present the most comprehensive geologic map of the northern 
Plomosa Mountains, which includes detailed stratigraphy and structures of the hanging 
wall. This map was the first to describe the northern Plomosa Mountains as a metamorphic 
core complex, although it includes little detail of the footwall mylonitic units and 
structures, which was the motivation of our study.  
Additional work in the Plomosa Mountains conducted south of our study area 
includes mapping by Miller (1970) and Miller and Mckee (1971) who documented thrust 
and strike-slip faulting in the southern two-thirds of the Plomosa Mountains, and Steinke 
(1997) who produced a detailed geologic map the Plomosa Pass area, including a portion of 









3. Geologic Mapping 
Geologic mapping of the mylonitic footwall of the northern Plomosa Mountains was 
conducted at a scale of 1:10,000, and the units Qal, Qeol, Qoal, and Nica were mapped 
primarily via aerial imagery (Plate 1: Geologic Map of the Northern Plomosa Mountains 
Metamorphic Core Complex, Arizona – available as supplemental file). Jeep trails provide 
access to the eastern side of the range from the town of Bouse. My field work for this study 
totaled ~48 days spread out between October 2015 and November 2016. Justin Hufford 
served as a field assistant during a week in March 2016, and Andrew Griffin served as a 
field assistant for over a month from October through November 2016. Dr. Singleton 
helped define the scope of the project and aided in mapping and sample collection 
numerous times throughout the project. A review of the geologic mapping took place 
during a two-day field trip in early November 2016 which was attended by geologists Jon 
Spencer, Stephen Reynolds, Sue Beard, Brad Johnson, Charles Ferguson, Gordon Haxel, Carl 
Jacobson, and others. 
The locations of observations and measurements were recorded with a hand-held 
GPS, and geolocated in ArcGIS allowing for quick analysis of spatial patterns. GPS locations, 
contours, and imagery were exported from ArcGIS and imported into Adobe Illustrator for 
digitization of the final geologic map. 
The primary objectives of this study were to map distinct units in the mylonitic 
footwall, and to collect and map structural data including orientations of mylonitic 
foliations and lineations, the sense of shear, the orientations and kinematics of brittle 
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faults, and the orientations of joints and veins. A secondary objective was to document 
mineralization in the area and the structural controls on mineralization. Additionally, thin 
sections were created for 85 samples across the footwall of the Plomosa detachment fault 
(Appendices 1 and 2), and a variety of rock types were collected to characterize the 
mylonitic units. The degree of chloritization and seritization, and the dynamic 
recrystallization mechanisms and sizes of dynamically recrystallized quartz were 
determined where possible. The degree of chloritization was defined simply as the modal 
percent of chlorite relative to biotite. The degree of sericitization was purely qualitative, 
based on my impression of whether sericitization was weak, moderate, strong, or intense. 
The size of dynamically recrystallized quartz was estimated optically, and samples were 
categorized into average quartz grain-size bins defined as <20 µm, 20-70 µm, 70-120 µm, 
120-200 µm, and >200 µm. 
4. U-Pb Zircon and Geochemical Analyses 
4.1 U-Pb zircon geochronology 
4.1.1 Samples 
U-Pb zircon ages were determined for 12 samples (Appendix 3); seven samples of 
mylonitic quartzofeldspathic schist, five mylonitic to protomylonitic granodiorite/quartz 
diorite intrusions, and one nonmylonitic diorite intrusion. Approximately 30–50 zircons 
were analyzed for each of the intrusions. For the mylonitic schist, ~110–140 zircons were 
analyzed for each sample, yielding a robust age distribution to compare with detrital zircon 
ages from other schists in the region, namely the Pelona-Orocopia-Rand schists of 




Zircons were separated for each sample by the following steps: 1) Samples were 
crushed using a jaw-crusher, 2) crushed samples were sieved below 850 µm, 3) <850 µm 
samples were mixed with water, and the clay-sized particles were poured out, 4) the 
samples were further sieved to <300 µm and panned to concentrate denser minerals, 5) 
magnetic minerals were removed utilizing a Frantz operating to a maximum of ~1.7 amps, 
6) the remaining non-magnetic minerals underwent density separation in MEI heavy liquid. 
This last step usually yielded a high concentration of zircons. 
4.1.3 Cathodoluminescence imaging 
Zircons for five samples (three quartzofeldspathic schists, and two intrusions) were 
mounted in epoxy and polished to expose a cross-section of their rims and cores. The 
polished mounts were imaged utilizing cathodoluminescence (CL) on an SEM. This imaging 
allowed for direct targeting of the rims and cores of individual samples during laser 
ablation. Three schist samples (15-5-P9, 1015-P57, and 0316-P80a) were imaged by 
Martin Wong at Colgate University, and two intrusive samples (0217-P43 and 0217-P47) 
were imaged at the USGS facility in Denver, Colorado, by Nikki Seymour and the author. 
4.1.4 Laser ablation 
U-Pb zircon ages of the samples were determined at the Laser Ablation ICPMS lab at 
the University of Texas at Austin, run by Dr. Daniel Stockli. Reduction of the data was done 
by Nikki Seymour, a Ph.D. candidate at Colorado State University. The resulting age data 
were analyzed in Isoplot (Ludwig, 2003), and detrital zircon age distributions were created 
with Density Plotter (Vermeesch, 2012). 
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For the polished samples, 30 µm-wide laser ablation spots were targeted for cores 
and 20 µm spots were targeted for rims. The remaining samples were analyzed using the 
laser ablation depth-profiling method developed by the lab of Dr. Stockli. In this method, 
unpolished zircons on tape mounts are ablated through their outer rim into the core 
producing a depth vs. age profile. During reduction of the data, distinct periods of zircon 
growth can be identified and reported as separate ages. For some of the schist samples this 
technique allowed for the determination of U-Pb ages of very thin metamorphic rims, 
commonly <4 µm thick. 
4.2 Geochemistry 
Three samples of actinolite were processed for whole rock geochemical XRF 
analysis by ALS minerals (Appendix 4). Four samples of amphibolite and five samples of 
quartzite were processed by Gordon Haxel and analyzed by AGAT Labs via XRF for major 








5. Geologic Units 
This section addresses the key units identified in the footwall of the Plomosa 
detachment fault, for which there are three dominant units: 1) Orocopia Schist (unit 
KPGos), 2) a Miocene intrusive complex (unit Nic), and 3) gneiss (unit KXgn) (Plate 1; 
Figures 8 and 9). 
5.1. Orocopia Schist (KPGos) 
The predominant unit of the northern half of the field area is a mylonitic 
quartzofeldspathic schist (unit KPGos), which was determined to be the Orocopia Schist by 
field observations and U-Pb zircon ages (presented in the section U-Pb Zircon Geochronology . Figures  and  are photos and photomicrographs of Orocopia Schist 
from the northern Plomosa Mountains. The Orocopia Schist most often crops out as gray 
flaggy layers with well-developed cm-scale layering, or is homogenous with a purple-red 
color, and commonly has very well developed S-C fabric. The mineralogy is dominantly 
quartz (26–50%) and plagioclase (24–50%), with biotite (8–34%, variably chloritized), 
locally muscovite (2–20%, generally ~10%), minor opaque minerals (up to 4%, mostly 
graphite), accessory apatite (up to 1%), rutile, zircon, and local accessory garnet (up to 
0.5%). Muscovite is locally not present in the schist, though it is the most ubiquitous 
identifier of this unit, as intrusions of the unit Nic may often look similar but mostly lack 
significant muscovite. Locally there are 0.1–2 m-thick packages of actinolite-bearing schist, 
which appears golden and flaky (Figure 12 A & B). In plane-polarized light, the biotite is 
typically brown to reddish brown and may even be red, and rutile needles are common in 
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areas where biotite has retrograded into chlorite (Figure 12 C & D). 2–50 cm thick milky 
quartz lenses/pods, and quartz-feldspar veins with up to ~10% feldspar are common 
throughout the Orocopia Schist (Figure 12 E & F). Locally the unit contains gray 
metasandstone layers, 10–30 cm thick, that have <10% total mica, and >60% feldspar 
(Figure 13). 
Five hallmarks of the Orocopia Schist as described by Haxel and Dillon (1978) are 
present in the schist of the northern Plomosa Mountains: 
1) The dominantly quartzofeldspathic composition and gray flaggy appearance of 
the schist in the northern Plomosa Mountains is consistent with that of the Orocopia Schist. 
2) Poikiloblastic graphitic plagioclase porphyroblasts as described by Haxel and 
Dillon (1978) are widespread throughout the schist in the field area (Figures 10 E & F, and 
11 C & D). They are generally 1–5 mm in size, and have a dark gray color, locally with a 
bluish tint. A foliation defined by graphite is preserved within the porphyroblasts of some 
samples as observed in thin section. The presence of graphitic plagioclase is a key identifier 
of Orocopia Schist in the field area. 
3) A ~4 km long layered unit of amphibolite interlayered with Orocopia Schist 
occupies the central field area (unit KPGam) (Figure 8 and 14; Plate 1). This unit is similar 
to amphibolite layers observed in Orocopia Schist of other localities, which are generally 
interpreted as metamorphosed basalt, consistent with geochemical analysis of four 
samples from the northern Plomosa Mountains (Figure 15) 
4) Quartzite layers 3–30 cm thick with small (~0.5 mm) reddish-orange Mn-rich 
garnets are common within unit KPGam (Plate 1). The quartzite is generally weathered to a 
rusty red color, though some outcrops have clear alternating white and dark gray layers 
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(Figure 16), and is commonly observed to be ductily deformed and folded within unit 
KPGam (Figure 14 A). Garnets also locally appear as masses within the quartzite (Figure 16 
F). The quartzite is interpreted as metachert (e.g. Haxel and Dillon, 1978), which is 
supported by the geochemical analysis of five samples from the northern Plomosa 
Mountains (Figure 17). 
5) Scattered pods of coarse-grained green magnesian actinolite, 5 cm to 1.5 m wide, 
are present in the schist (Figure 18); locally, several smaller pods may be aligned parallel to 
the trend of mylonitic lineations. ~0.1–2 m-thick layers of actinolite-bearing schist with 
minor talc and rare talc schist commonly include actinolite pods within them. In one 
location, a ~40 cm-wide tabular body of the actinolite is present (Figure 16 F). Whole-rock 
geochemical analyses of three samples of the green actinolite indicate a Mg/(Mg+Fe) ratio 
of 0.84–0.88, 413–1290 ppm Ni, and 1580–2330 ppm Cr (Table 1), suggesting an ultramafic 
protolith (e.g. Oze et al., 2004). Recent work by Haxel et al. (2014) demonstrated that the 
actinolite at Cemetery Ridge in Arizona, and likely of all POR schists, is derived from 
peridotite, consistent with the geochemistry of the samples in the northern Plomosa 
Mountains, and they suggest the Mg-rich peridotite was metasomatized to actinolite by the 






Figure 8: Simplified geologic map of the northern Plomosa Mountains. Units in the left-hand column are 
the results of this study. Units in the right-hand column are simplified from the geologic map of Spencer 









   
   
    
Figure 10: Photographs of the Orocopia Schist from the northern Plomosa Mountains. A) Typical 
exposure viewed from a distance, with foliation dipping to the left (SW). The hill is ~40 m high. B) Gray 
flaggy layers of Orocopia Schist, with a brown to tan desert varnish. C) Massive and homogenous 
Orocopia Schist, with gray on top and purple-red on bottom. A quartz vein with minor feldspar intersects 
the hammer handle. D) Typical appearance of homogenous purple-red Orocopia Schist. A close-up would 
reveal an S-C fabric which is very common. The asymmetric leucocratic lens near center records top-to-
the NE sense of shear (NE to left). E) Pencil is pointing to an example of graphitic plagioclase. F) Another 







   
   
   
Figure 11: Photomicrographs of samples of Orocopia Schist collected from the northern Plomosa 
Mountains. A) Quartzofeldspathic schist with biotite and muscovite (PPL) [155-P9]. S-C fabric is visible 
which records top-to-the NE sense of shear. B) Same as A (XPL). C) Orocopia Schist with graphitic 
plagioclase (graphite is the disseminated opaque mineral) (PPL) [1115-P57c]. D) Same as C (XPL). E) 
Quartz- and feldspar-rich example of Orocopia Schist. Sigma-clast bordered by oblique quartz grain-shape 








   
   
   
Figure 12: Photographs and photomicrographs of features observed in the Orocopia Schist of the 
northern Plomosa Mountains. A) Actinolite-bearing schist of the Orocopia Schist. Asymmetric fold (below 
pencil tip) records top-to-the-NE sense of shear (NE to the right). B) Photomicrograph (PPL) of a sample 
of actinolite-bearing schist [1016-P259], collected from an outcrop of golden-flaky schist similar to that 
shown in A. C) Photomicrograph (PPL) of red biotite somewhat common in samples of Orocopia Schist 
[1115-P20a]. D) Photomicrograph (PPL) of rutile needles in chlorite (after biotite) commonly observed in 
samples of Orocopia Schist [1115-P61a]. E) Milky-quartz lens within the Orocopia Schist, located just a 








   
Figure 13: A) Photograph of two layers of meta-arkose within Orocopia Schist in the northern Plomosa 
Mountains (above the hammer handle, extending from the left- to right-hand side of the photo). The 
lower layer is ~5 cm thick, the upper layer is ~15 cm thick, and both are parallel to the mylonitic 
foliation. Ribbons of quartz + feldspar intersect the hammer handle. B) Photomicrograph (PPL) of a 
sample of meta-arkose showing a composition dominantly of feldspar, with minor biotite and quartz 








   
Figure 14: A) Photograph of a slab of Orocopia metabasalt from the northern Plomosa Mountains, with 
folded foliation. The orange/red portion on the bottom is metachert, which has been squeezed into the 
fold hinge of the metabasalt, and incorporated into one of the limbs. B) Photomicrograph (PPL) of 
Orocopia metabasalt from the northern Plomosa Mountains, showing mineralogy dominantly of 
hornblende and feldspar, with minor quartz and titanite [0217-P41]. The remnants of two resorbed 










Figure 15: Ternary diagram of Th, Hf, and Ta from samples of amphibolite schist interlayered with 
Orocopia Schist (Appendix 5). Solid black circles are data from amphibolite interlayered with Orocopia 
Schist from the northern Plomosa Mountains, which plot in the E MORB space, consistent with the 
interpretation of the amphibolite as metabasalt. Small open circles are data points from Haxel et al. 
(2002) of metabasalt from Orocopia, Pelona, and Rand schists (Haxel et al., 1987; Dawson and Jacobson, 
1989; Moran, 1993). N-, E-MORB: normal- and enriched-type mid-ocean ridge basalt; TWPB, AWPB: 
tholeiitic, alkaline within-plate basalt; IAT, CAB: island-arc tholeiite, calcalkaline basalt. Basalt categories 
(dashed lines) are copied from Haxel et al., (2002). Ternary plots in this thesis were created with the 





   
   
   
Figure 16: Photographs and photomicrographs of metachert from the northern Plomosa Mountains. A) 
Photograph of an exposure of metachert located within unit KPGam. This example displays light and dark 
banding parallel to the mylonitic foliation. B) Photograph of a slab of metachert with light and dark banding. 
C) Photomicrograph (PPL) of metachert with a composition dominantly of quartz [1116-P62]. Minor garnet is 
observed clustered in the upper-left corner, overgrown by hornblende, and minor opaque minerals are isolated 
within quartz in the lower-right of the photo. D) Same as C (XPL), with the grain boundaries of dynamically 
recrystallized quartz visible. E) Photomicrograph (PPL) of metachert with garnet and foliated actinolite [1016-
P274]. The garnet in the upper-left corner is ~0.5 mm wide, and displays a zonation of color: darker in the 











Figure 17: PAAS (post-Archean Australian shale)-normalized rare earth element spectra of five samples 
of quartzite interlayered with metabasalt from the northern Plomosa Mountains (Appendix 5). The 
negative cerium (Ce) anomaly exhibited by these samples is characteristic of seawater and many oceanic 
nondetrital sedimentary rocks (e.g. Haxel et al., 2002), supporting the interpretation that the quartzite is 




   
   
   
Figure 18: Examples of actinolite found in the Orocopia Schist of the northern Plomosa Mountains. A) 
Coarse-grained green actinolite pod within the Orocopia Schist. B) An in-situ actinolite pod within the 
schist. C) An in-situ, asymmetric actinolite pod ~1.5 m long (backpack for scale, set on top of pod), with 
asymmetry consistent with top-to-the-NE shear. NE is to the left. D) Photomicrograph (XPL) of folded 
actinolite [1115-P57T1]. E) An example of uncommon actinolite-talc schist. F) A ~0.4 m-wide tabular 








Table 1: Chemical formulas and ppm Ni and Cr for three actinolite samples collected within the Orocopia 
Schist from the northern Plomosa Mountains, derived from whole-rock geochemical results (Appendix 4). 
 




PPM Ni 1290 PPM Cr 1700 
 




PPM Ni 413 PPM Cr 2330 
 




PPM Ni 1080 PPM Cr 1580 
5.2. Miocene Intrusive Complex (Nic) 
A newly recognized Miocene intrusive complex (unit Nic) borders the Plomosa 
detachment fault in the northern half of the field area (Plate 1; Figures 8 and 9). The 
intrusive complex has a bimodal composition of leucocratic biotite tonalite, granodiorite, 
and uncommon granite (totaling ~60% of the unit) and intermediate hornblende-biotite 
diorite, with lesser quartz diorite, quartz monzodiorite, and rare quartz monzonite (Figure 
19). Figures 20 to 24 are photographs and photomicrographs of unit Nic. The bulk of this 
unit appears as layered tabular bodies approximately parallel to mylonitic foliation, though 
nonmylonitic diorite/quartz diorite dikes locally cut across well-foliated layers (Figure 20 
B and 21 C). Much of the unit is marked by a pale-colored zone (unit Nica) corresponding to 
pervasive chloritization and alteration (Plate 1; Figure 8), described further in the section Mineralization and Alteration . Miocene intrusive rocks are also present outside of the 




(Figure 22), most commonly observed within the Orocopia Schist. Intermediate 
compositions are rare outside of the mapped Nic unit, and some appear to have undergone 
magma mingling (Figure 23 A). In outcrop, intrusions often appear to have undergone high 
amounts of strain, yet a thin section of an apparent high-strain intrusion revealed it is 
actually protomylonitic (Figure 23 B, E & F), suggesting it intruded synmylonitically and 
deformed as a magma or crystal mush. Unit Nic is in some locations hard to distinguish 
from mica-poor Orocopia Schist, as it may be relatively rich in quartz with a similarly 
homogenous appearance (Figure 24).  
 
Figure 19: QAP diagram of samples of the unit Nic. Solid red circles are for samples where plagioclase 
and k-spar could be distinguished (n = 11). Hollow circles are for samples where the type of feldspar 
could not be distinguished (n = 13), and the ratio of plagioclase and k-feldspar used in the plot is the 
average of the solid circle samples, excluding the highly alkaline granite sample. The red box represents 
the reasonable range of feldspar compositions for the hollow circles as determined in the field (mainly 




   
   
   
Figure 20: Photographs and photomicrographs of unit Nic of the northern Plomosa Mountains. A) Photo of a slab of 
a leucocratic mylonitic/protomylonitic sample collected to represent the “core” of the intrusive complex within unit 
Nica. Zircon U-Pb geochronology was applied to this sample (0217-P43), including CL-imaging of a polished mount. 
B) An example of the layered tabular bodies of alternating leucocratic and intermediate compositions, characteristic 
of unit Nic. These layers are parallel to the mylonitic foliation, and may have been transposed during mylonitization. 
C) Photomicrograph (PPL) of the sample from A, showing intensely sericitized feldspars, to the point where the 
original feldspar is no longer visible [0217-P43]. D) Photomicrograph (XPL) of radiating white mica in the same 
sample. E) Photomicrograph (PPL) of the cataclasized and intensely chloritized rock found within the mapped 







   
   
   
Figure 21: Photographs and photomicrographs of diorites of the unit Nic from the northern Plomosa 
Mountains. A) Photograph of a slab of diorite collected south of the mapping area. B) Photomicrograph (XPL) 
of A [0217-P16]. Zircon U-Pb geochronology was applied to this sample. C) Photograph of non-foliated diorite 
dikes (right side) cutting across foliated layers of alternating leucocratic and intermediate compositions (left 
side). Brunton for scale. D) Photomicrograph (XPL) of the non-foliated diorite dike from photo C [1116-P187e]. 
This sample is proximal to the detachment fault within the alteration zone (Nica), and has a grungy appearance 
compared to B, but otherwise they appear identical. E) Photomicrograph from the same sample as D, showing 
the remnants of a brown amphibole, partially replaced by chlorite, and rimmed with green hornblende. F) 








   
    
   
Figure 22: Photographs of leucocratic intrusions of the unit Nic from the northern Plomosa Mountains. 
A) Slab of a foliated leucocratic intrusion in Orocopia Schist. Drag-folding in the foliation of the intrusion 
records top-to-the NE displacement along a SW-dipping shear zone, NE to the left. B) Leucocratic 
intrusion within unit KXgn, offset with top-to-the NE displacement, NE to the left. C) Leucocratic 
intrusions in the form of sills and asymmetric lenses within Orocopia Schist. Asymmetry of the lenses 
records top to-the NE sense of shear, NE to the right. D) Deformed leucocratic intrusion (bottom) in 
contact with Orocopia metabasalt (top). E) A protomylonitic, leucocratic, shallowly-dipping dike (bottom) 
intruded into Orocopia Schist (top). Note how the orientation of the contact of the dike with the schist is 







   
   
   
Figure 23: Photographs and photomicrographs of intrusions from the northern Plomosa Mountains. A) 
Photograph of an intermediate hornblende-bearing intrusion which appears to have undergone magma 
mingling. B) Photograph of an apparently high-strained intrusion within Orocopia Schist. C) 
Photomicrograph (PPL) of A, showing layer of foliated hornblende [1116-P7]. D) Same as C (XPL), 
showing typical zonation of a feldspar as found in unit Nic. E) Photomicrograph (XPL) of an intrusive 
sample similar to and nearby photo B, showing well-zoned feldspars typical of unit Nic [0316-P71x]. F) 
Same as E (XPL), showing protomylonitic appearance of the rock as a whole with a weak foliation defined 







   
   
   
Figure 24: A) Photograph of an intrusion within Orocopia Schist. B) Photograph of an intrusive contact of unit Nic 
(top) with Orocopia Schist (bottom). C) Photomicrograph (PPL) of A, showing intrusive contact (intrusion bottom, 
Orocopia Schist top) [0316-P40a]. D) Same as D (XPL). Zoned feldspar porphyroblasts of the intrusion are within a 
matrix of fine-grained feldspars, which is clearly distinct from the Orocopia Schist. E) Photomicrograph of a quartz-
rich granitic intrusion, with highly sericitized feldspars typical of unit Nic, as well as chlorite [0217-P47]. S-C’ fabric 
records top-NE sense of shear. F) Photomicrograph of a sample which was determined to be Orocopia Schist from 
the presence of graphitic plagioclase and rutile needles in chlorite [1016-P300a]. Note the similarity between this 
sample and the sample in E, though E is an intrusion and F is Orocopia Schist. Rocks such as E and F were often 







5.3. Gneiss (KXgn) 
Crystalline gneiss (Figures 25 and 26) dominates the southern half of the map area 
(unit KXgn), and is juxtaposed against the Orocopia Schist to the north along a tectonic 
contact with the unit KPGam (Orocopia metabasalt) (Plate 1; Figures 8 and 9). Based on the 
similarity of this unit to other crystalline gneisses in west-central Arizona (e.g. Bryant and 
Wooden, 2008), the protolith age is likely a mix of Proterozoic, Jurassic, and Cretaceous 
rocks. The unit is dominantly mylonitic within the map area, though locally it contains 5–30 
cm-thick protomylonitic layers. Mylonitic lineations are typically defined by stretched 
quartz, aligned hornblende, and streaks of biotite. The fabric becomes predominantly 
protomylonitic towards the southern end of the field area, which is ~2 km NNE of a 
mylonitic front. 
1) The gneiss most commonly appears as alternating layers ~3–30 cm thick, 
composed of hornblende amphibolite, biotite-poor tonalite or granodiorite, and gray to tan-
gray, well-foliated and lineated hornblende biotite tonalite or granodiorite. The well-
foliated gneiss commonly appears as several meter-thick packages (locally >10 m), with 1 
mm to 1.5 cm-thick layering defined by alternating felsic and mafic compositions. 
Amphibolite and hornblende-rich tonalite/granodiorite may be several meters thick, and 
the amphibolite commonly form boudins or exhibit pinch-and-swell structures. The unit 
locally includes 1–10 cm thick leucogranite layers with recrystallized ribbons of quartz and 
plagioclase.   




hornblende amphibolite adjacent to leucocratic biotite-poor tonalite/granodiorite, 
commonly interlayered with the well-foliated gneiss.  
3) A nonmylonitic gneiss with a spotted appearance is found in the very SE portion 
of the unit, on the east side of the mapped NE-striking fault. It has white poikiloblastic 
plagioclase ~3 mm to 1 cm in diameter and a weakly-developed foliation defined by 
aligned hornblende and biotite, all of which is overgrown by randomly-oriented hornblende .  cm long Figure  F . Minor titanite up to 2 mm long and quartz are also 





   
   
   
Figure 25: Photographs of gneiss from the northern Plomosa Mountains. A) Photograph of a slab of 
mylonitic gneiss. B) Isoclinally-folded gneiss. Folds are consistent with top-to-the-NE sense of shear (NE 
to the right). C) Photograph of the “salt-and-pepper” appearance of the gneiss, as viewed from a 
distance. Cholla cactus are ~1 m tall. D) Typical well-foliated gneiss. E) Compositional layers of the 
gneiss, including amphibolite layers which exhibit pinch-and-swell structures. F) The gneiss with a 








   
   
   
Figure 26: Photomicrographs of gneiss from the northern Plomosa Mountains. A) Mafic hornblende-
bearing layer (top) and leucocratic layer (bottom), with layer of relatively abundant opaque minerals in 
the middle (PPL) [1016-P37]. B) Same as A (1 plate). C) Dynamically recrystallized quartz exhibiting a 
chessboard pattern from the southern end of the mapping area (1 plate) [0316-P94]. D) Example of 
relatively abundant titanite (PPL) [0316-P116]. E) Sigma clast that records top-to-the-NE sense of shear 
(PPL) [1016-P67]. F) Same as F (1 plate). Dynamically recrystallized quartz with oblique grain-shape 







5.4. Other units 
5.4.1. Interlayered mylonitic quartzite and marble (MzPzq) 
The smallest mapped unit in the footwall of the Plomosa detachment fault is 
interlayered mylonitic quartzite and marble (unit MzPzq, previously identified by 
Scarborough and Meader, 1983), located in the NE end of the map area along the Plomosa 
detachment fault (Plate 1; Figures 8 and 27). Marble layers are typically 0.5–1 m thick, 
while quartzite layers may be up to several meters thick. The interlayered marble and 
quartzite are not continuous throughout the map unit, but are interlayered with sections of 
granodiorite and tonalite intrusions of the unit Nic. 
The rheological contrast between the marble and quartzite layers is very clear.  
Adjacent to the detachment fault, the relatively strong quartzite layers interlayered within 
the marble are intensely fractured, whereas the marble primarily lacks brittle deformation 
and has very well-developed mylonitic foliation (Figure 27 A & B). Because of the spatial 
relationship of the quartzite and marble to the Plomosa detachment fault, the Plomosa 
detachment may have been at least partially localized along this unit, as ductile strain could 
be accommodated by the quartzite at relatively low temperatures (~300°C), and later 
accommodated by the marble at shallower depths and even lower temperatures (~200-
250°C). However, the foliation of this unit is often discordant to the detachment fault, 
which is counter to that interpretation. 
5.4.2. Nonmylonitic Miocene dikes (Nd) 
Nonmylonitic rhyo-dacite dikes ~0.2–3 meter wide are somewhat common 
throughout the footwall, and are most abundant in the southern third of the map area (unit 




plagioclase laths. Weathered surfaces of non-mylonitic dikes are pitted (0.2–1 cm wide 
pits). A few of the mapped dikes are phaneritic, mylonitic quartz diorite, which are likely 
late-stage intrusions of unit Nic. 
5.4.3. Miocene sedimentary units (Ncg) 
Concealed mostly beneath Qoal, Miocene sedimentary rocks (unit Ncg) are exposed 
within three drainages just NNE of the unit PlQcg (Plate 1). There are three subunits: Ncgt: 
The southernmost and youngest subunit is a poorly-consolidated, clast-supported, pale 
salmon to tan conglomerate, with a silty to sandy matrix (Figure 29 A).  Clasts are mostly 
subangular, with 50–60% gravel to cobble in size (5–10% of the total volume are cobble 
clasts >10 cm in diameter), and sparse boulders 0.4–1m in diameter. Clast lithologies 
include volcanic (including rhyolitic tuff and vesicular basalt), plutonic (medium-grained 
granite and diorite), and quartz-pebble conglomerate. This subunit lacks mylonite clasts, 
but is overlain by a sedimentary breccia consisting entirely of mylonite clasts (Figure 29 B), 
likely the same breccia as PlQcgm (described below). Ncgr: The middle subunit is a 
moderately- to well-consolidated, matrix-supported, reddish-tan conglomerate, with a sand 
and pebble matrix (~60%), and mostly rounded to subrounded cobble-sized clasts 
(~30%). Clasts include volcanic and plutonic lithologies similar to those in subunit Ncgt, 
but also sparse, well-rounded pegmatitic granite boulders (up to 50 cm), and rare mylonite 
(Figure 29 C & D). The well-rounded pegmatitic granite boulders seem to match the 
description of boulders found in a nearby unit called the Plomosa conglomerate, described 
by Jemmett (1966) and mapped by Duncan (1990). Ncgs: The oldest and northernmost 
subunit is a well-consolidated (though fractured and friable) brownish-red and tan 




nodules are common, and sparse 1–2 cm-thick manganiferous(?) to ferruginous sandstone 
layers are present (Figure 29 E & F). 
5.4.4. Pliocene to Quaternary(?) conglomerates (PlQcg) 
Mostly concealed beneath Qoal, Pliocene to Quaternary(?) conglomerates (unit 
PlQcg) are exposed within two main drainages in the southernmost map area, and bounded 
on their SE side by the mapped NE-striking fault (Plate 1). There are two subunits: PlQcgs: 
The southernmost subunit, interpreted as the youngest, is a tan-colored, moderately-
consolidated silty sandstone, with 5–20% pebble to boulder-sized (up to 30 cm) angular 
clasts of mylonite (Figure 30 A & B). The depositional environment for the silt and sand 
comprising subunit PlQcgs is not known.  PlQcgm: To the north is a well-consolidated, 
angular, clast-supported sedimentary breccia (Figure 30 C). Clasts are mostly pebble to 
cobble in size, and are sourced from the surrounding mylonitic gneisses (unit KXgn). 
Compared to Qoal, unit PlQcgm has much more sand and gravel in the matrix (up to 30–
40%), is more well consolidated, and clasts have a higher degree of angularity. Unit PlQcg 
may have been deposited synkinematically with movement on the mapped NE-striking 
fault, as this unit is faulted against unit KXgn (Figure 30 D) and contains highly angular 
clasts of mylonitic gneiss equivalent to the gneiss across the fault. 
5.4.5. Quaternary sediments (Qal, Qeol, Qoal) 
Three quaternary sediments were mapped primarily from aerial imagery: Qal is 
poorly-sorted, unconsolidated, angular to subrounded sediment deposited within 
unvegetated to lightly vegetated active channels. Sediment is derived from the surrounding 




boulders. Channels are incised 0.5–6 m into bedrock and Qoal. Qeol is unconsolidated, 
moderately vegetated, tan-colored, fine- to very-fine sand deposits consisting of ~97% 
quartz. Most sand is subangular to subrounded and well sorted. This unit is deposited on 
Qoal, contains scattered colluvium clasts, and has locally accumulated into dunes, typically 
on the flanks of colluvium mounds or bedrock slopes (Figure 30 E). Locally a weakly-
consolidated, 1–3 mm-thick crust is developed a few centimeters beneath the surface. Qoal 
is mostly paleo-terraces composed of weakly-consolidated, clast-supported colluvium and 
alluvium with a silt matrix. Clasts are mostly angular to subangular, pebble to cobble in size 
with sparse boulders, and are commonly imbricated. Terraces are locally >6 m thick where 
incised by active channels (Figure 30 F). This unit is moderately vegetated in most areas, 
but lightly to scarcely vegetated where desert pavement is developed. On the northwest 






   
   
   
Figure 27: Photographs and photomicrographs of mylonitic quartzite and marble from the northern Plomosa 
Mountains. A) Interlayered mylonitic quartzite and marble showing clear rheological differences between the two. An 
intensely fractured quartzite layer intersects the hammer handle. More coherent, non-intensely fractures layers are 
marble. B) Isoclinally folded marble (gray) with thin layers of quartzite (tan). The marble is commonly cherty as seen 
below the pencil. Foliation in the marble can be seen in the upper-right of the photograph. C) Photomicrograph (PPL) 
of quartzite with minor chlorite [115-P1a]. D) Same as C (1 plate), showing dynamically recrystallized quartz with 
roughly equant polygonal shapes, indicative of subgrain rotation. E) Photomicrograph of marble with abundant 
tremolite [115-P15]. F) Photomicrograph of marble dominantly of calcite, showing pressure solution cleavage where 







   
   
   
Figure 28: Photographs and photomicrographs of postmylonitic dikes from the northern Plomosa 
Mountains. A) Example of a typical outcrop of rhyo-dacite dikes as linear piles of angular boulders. B) 
Near-vertical nonmylonitic dike (parallel to and right of hammer handle) cutting through foliated rock 
(foliation is approximately horizontal). C) Photomicrograph (PPL) of a rhyo-dacite dike collected from 
around photograph A [0316-P119]. D) Same as C (XPL). E) Photomicrograph of the nonmylonitic dike 
from B [1115-P25a]. F) Same as E (XPL). In the lower-left is a relic euhedral grain, with a core entirely 
replaced by calcite, and a rim of chlorite. This sample from within the alteration zone Nica is intensely 







   
   
   
Figure 29: Photographs of unit Ncg from the northern Plomosa Mountains. A) The pale salmon to tan 
conglomerate Ncgt. B) John Singleton standing on unit Ncgt, measuring the orientation of an overlying 
sedimentary breccia, likely the same breccia as subunit PlQcgm. C) The reddish-tan conglomerate Ncgr, 
Brunton for scale. D) Example of a well-rounded pegmatitic granite boulder in unit Ncgr. E) Close-up of 








   
   
   
Figure 30: Photographs of units PlQcg, Qoal, and Qoel from the northern Plomosa Mountains. A) The 
silty sandstone PlQcgs with clasts of mylonite. B) A close up of a mylonite clast in unit PlQcgs. C) The 
sedimentary breccia PlQcgm, about 10 m east of the fault contact in photograph D. D) Fault contact of 
unit PlQcgm (right) with unit KXgn (left). E) An isolated accumulation of sand of unit Qeol. F) Deeply 








6. Mineralization and Alteration 
Two periods of mineralization and alteration are interpreted to have occurred in the 
footwall of the Plomosa Mountains detachment fault: 1) syn-detachment mineralization 
and alteration, and 2) post-detachment veining. 
6.1. Syn-detachment mineralization and alteration 
A pale-colored zone (unit Nica, Plate 1; Figure 8) that corresponds to pervasive 
chloritization and sericitization is present throughout most of unit Nic. It was determined 
that the degree of chloritization and sericitization within footwall units correlates most 
clearly with the rock type, with a strong association of alteration with the unit Nic (Figures 
31 and 32). Dikes and sills of the unit Nic outside of the mapped area of unit Nic (and 
outside of the alteration zone Nica) are commonly completely chloritized and moderately to 
strongly sericitized, while the host rock (i.e. Orocopia Schist) is often entirely unaltered 
(Figure 33). The association of chloritization and sericitization with the intrusions suggests 
that they were the focus of substantial fluid flow, and perhaps acted as conduits for fluids 
escaping magma from greater depth, and the association of the alteration zone (Nica) with 
the Miocene intrusive complex suggests that alteration is Miocene in age and was driven by 
magmatically-derived hydrothermal fluids. The alteration zone (Nica) is spatially associated 
with the detachment fault only insomuch that it directly overlaps with the Miocene 
intrusive complex that borders the detachment fault, which would have been the locus of 
the most fluid flow. 
Figure 34 are photomicrographs of veins inferred to be associated with detachment 
faulting observed in the footwall of Plomosa detachment fault. Mineralization throughout 




fibrous amphibole as veins and fracture coatings (chlorite and epidote are predominantly 
observed to coat fractures), though this mineralization is greatest in unit Nica. Locally, veins 
of feldspar were also observed in thin section, and are assumed to have formed prior to the 
previously mentioned mineralization, though still during detachment faulting. Mylonitized 
quartz veins are also locally present, and may be evidence of a synmylonitic fluid system. 
Earthy and specular hematite, and local copper mineralization (mostly chrysocolla ± 
malachite, Figure 35 A), occurs along steeply- to moderately-dipping normal faults that 
have accommodated NE-SW extension, and thus this mineralization is inferred to have 
occurred during detachment-related extension. This mineralization also occurs in smaller 
fractures, is often exposed in prospect excavations, and is present throughout the footwall 
with no apparent spatial relationship to the Plomosa detachment fault, nor did the 
detachment fault seem to host such mineralization (Figure 35 C). Joints and fractures 
commonly have a 1–5 cm-thick bleached zones which commonly contain disseminated 
pyrite visible with a hand-lens (Figure 35 B). These bleached zones are more resistant than 
the surrounding rock, suggesting the rock has had a loss of mica and/or an increase in 






Figure 31: The degree of chloritization in the footwall of the Plomosa detachment fault, as determined 
from thin section (larger circles) and outcrop (smaller circles). Pie charts display the degree of 
chloritization as separated by the three main units (including only the data derived from thin sections), 





Figure 32: The degree of sericitization in the footwall of the Plomosa detachment fault, as determined 
from thin section. Pie charts display the degree of sericitization as separated by the three main units, 
illustrating that unit Nic is usually strongly to intensely sericitized, and is the only unit to have undergone 




   
   
   
Figure 33: A) Photograph of a leucocratic dike intruded into Orocopia Schist. B) Photomicrograph (PPL) 
of the contact between the dike (top) with Orocopia Schist (bottom) from A [0316-P80ab]. Within the 
dike biotite is mostly chloritized, whereas abruptly into the Orocopia Schist the biotite is not at all 
chloritized. C) Photomicrograph (PPL) of Orocopia Schist collected directly adjacent to the dike in A, 
exhibiting completely fresh biotite [0316-P80a]. D) Same as C (XPL). E) Photomicrograph (PPL) of the 
dike in photo A, exhibiting strongly sericitized feldspars, and a minor amount of chlorite with no biotite 
present [0316-P80b]. F) Same as E (XPL). There is minor muscovite in this intrusion, visible in the 







   
   
   
Figure 34: Photomicrographs of veins in the northern Plomosa Mountains. A) Mylonitic quartz vein (PPL) 
in unit Nic [1016-P368]. B) Same as A (XPL), with the edges of the quartz vein traced. C) A feldspar vein 
in unit Nic (same sample as A) along the edges of which opaque minerals have been concentrated, as 
well as within foliation intersecting the vein. D) A vein of feldspar (light colored) and epidote (darker 
colored) in Orocopia Schist [1016-P194]. E) A feldspar vein (white) cut by a chlorite vein (pale green) in 
Orocopia Schist (same sample as D). F) A vein of calcite + chlorite (centered and vertical) in unit Nic, cut 
by a vein purely of calcite (extending from upper left to lower right) [Pl-65]. This sample is from directly 
adjacent to the Plomosa detachment fault within unit Nica, whereas the other samples are from just west 







   
 
Figure 35: Photographs of extension-related mineralization and alteration. A) Chrysocolla mineralization 
along the damage zone of a normal fault with hematite mineralization concentrated near the fault plane. 
B) A fracture in Orocopia Schist along which the rock has been bleached and has become more resistant 
due to a loss of mica and increase in quartz. C) Principal slip plane of the Plomosa detachment fault (the 
orange-tan surface above the greenish-gray brecciated rock below) dipping shallowly to the ESE (left). 
Note there is a lack of significant mineralization (such as copper mineralization) below the detachment 







6.2. Post-detachment veining 
In two locations, barite veins are observed to cut brittle structures associated with 
NE-SW extension, and the veins are generally parallel to a NE-striking fault, and locally 
parallel to a N-striking fault, both of which cut the Plomosa detachment fault (Figure 36 A & 
B). The carbonate veins have a similar orientation, and are locally observed to be parallel to 
the N-striking post-detachment fault. These relationships, in conjunction with the unique 
orientations of these features, strongly suggest the barite and carbonate veins are the 
result of post-detachment mineralization. 
Figure 36 C and D are photographs of barite veins observed in the footwall of the 
Plomosa detachment fault. The typical mineralization of these veins is barite ± hematite ± 
carbonate ± carbonate-cemented breccia ± agate/chalcedony, with barite typically on the 
outer edges, and carbonate and carbonate-cemented breccia towards the center. Veins are 
generally 1–10 cm thick; barite is 0.5–1 cm thick on either edge of a vein, and hematite 
where present commonly constitutes the breccia. Minor Mn-mineralization was identified 
via a portable XRF (pXRF) analysis of hematite encrusting barite, which reported ~50% Fe 
and 7.5% Mn. 
Figure 36 E and F are photos of carbonate veins and carbonate-cemented breccia 
zones in the footwall of the Plomosa detachment fault. These carbonate veins and breccia 
zones are generally 0.2–1.5 m wide and appear to lack other mineralization, though a pXRF 
analysis of a sample of calcite from a vein reported >9000 ppm S, >8000 ppm Mn, and 





   
   
   
Figure 36: Photographs of post-detachment veining. A) A barite-mineralized dextral fault (extending from 
upper-left to lower-right) cutting across a hematite-mineralized normal fault (horizontal on page). Two pencils 
mark the offset portions of the normal fault. B) The NE-striking sinistral-normal fault that cuts the detachment 
(Brunton leaning against fault plane). The pencil points to a thin barite vein that parallels the fault plane. C) 
Barite + agate + hematite + carbonate vein exhibiting the typical zonation; thin barite on the edges, and 
brecciated hematite cemented by carbonate in the center. D) Fairly typical barite veins, though these veins 
have a coating of hematite in the center, which is not always present. E) Left of the hammer is a ~30 cm thick 
carbonate vein, and to the right is a parallel vein of similar thickness comprised of repeated carbonate veins 








7. Mylonitization and Metamorphism 
7.1. Mylonitic fabric field observations 
Within the map area mylonitic fabrics are pervasive throughout the footwall of the 
Plomosa detachment fault, which include L-S tectonites, L>S tectonites, and localized L-
tectonites (Figure 37 A, B, & I). L>S fabrics are observed to occur throughout the Orocopia 
Schist and the gneiss, indicative of a component of constriction during mylonitization, and include contorted  foliation that wraps around tight/isoclinally folded coherent layers, 
often observed in the Orocopia Schist (Figure 37 C–F). Fold axes of the folded coherent 
layers are observed to be parallel to the mylonitic lineations, and these folds often have 
attenuated and thickened limbs. Mylonitic leucocratic dikes of unit Nic are often observed 
to be isoclinally folded within the schist (Figure 37 D), and also have attenuated and 
thickened limbs, indicating these dikes are pre- or synmylonitic. The formation of such 
ductile folds during noncoaxial-dominated shear in a constrictional setting is consistent 
with deformation in the in the Central Mojave metamorphic core complex in southern 
California, where Fletcher and Bartley (1994) interpret footwall folds to have initiated as 
upright open folds, progressing to inclined tight folds, and finally becoming recumbent 
isoclinal folds, with fold axes parallel to the stretching direction.  
Within unit KXgn, well-foliated and -lineated granitoid layers were preferentially 
measured over gneissic foliation of amphibolite layers, which parallel the mylonitic 
foliation. Gneissic foliation of unit KXgn was observed to be discordant to the mylonitic 
foliation in one location (Figure 37 G). Gneissic layering of the Orocopia amphibolite (unit 
KPGam) has a very different orientation than the overall mylonitic fabric throughout the 




axes parallel to strike (Figure 37 H). However, mylonitic foliation of interlayered Orocopia 
Schist and intrusions locally conforms to the gneissic layering within and adjacent to the 
unit KPGam. A zone of L-tectonites is present within the gneiss and unit Nic directly 
adjacent to unit KPGam (Plate 1; Figure 37 I). Regional constrictional strain may have been 
concentrated along unit KPGam due to rheological differences between the Orocopia Schist 
and gneiss, creating L-tectonites rather than L>S tectonites at this boundary.  
Based on reconnaissance mapping the mylonitic front is located ~2 km south of the 
mapping area (Figure 38), which is the structurally highest limit of mylonitic fabrics. The 
mylonitic front is gradational, transitioning from mylonite to protomylonite to 
nonmylonite, with sparse discrete shear zones within the protomylonite and nonmylonite 
concentrated near the mylonitic front. Within 500 m of the mylonitic front, SW-dipping 
shear zones were observed with top-to-the-SW displacement (Figure 36 J), and a sample of 
mylonitic gneiss records top-to-the-SW shear at the microscale. Similar antithetic shear 
zones concentrated adjacent to the mylonitic front are documented in nearby metamorphic 





   
   
   








   
   
Figure 37 continued: Photographs of foliation and lineation fabrics from the northern Plomosa 
Mountains. A) Example of an L-S tectonite, with very planar mylonitic foliation. Pencil is on the mylonitic 
foliation plane, set parallel to the mylonitic lineation. B) Example of an L>S tectonites, viewed 
perpendicular to the mylonitic lineations. Pencil is set on a mylonitic foliation plane, and is parallel to the 
mylonitic lineations. C) Block diagram illustrating the relationship between isoclinally-folded coherent 
layers and the mylonitic foliation within the Orocopia Schist, as shown in the photographs D–F, and 
illustrates how fold axes are parallel to the stretching lineations. D) Isoclinally folded leucocratic intrusion 
of the unit Nic within Orocopia Schist. Pencil is not oriented. E) Open/tight fold within Orocopia Schist. 
Pencil is parallel to the fold axis. F) Isoclinally folded meta-arkose layers within the Orocopia Schist. G) 
Gneissic foliation (bottom) cut by mylonitic foliation (top) within the gneiss. H) Subvertical undulatory 
foliation of Orocopia metabasalt (unit KPGam), with a subvertical leucocratic sill left of John Singleton. I) 
Example of an L-tectonite as found in the zone adjacent to unit KPGam. Pencil is set parallel to the 
mylonitic lineations. J) SW-dipping discrete shear zone with top-to-the-SW displacement, south of the 









Figure 38: Compilation map and cross-section of the northern Plomosa Mountains. Units in the left 
column are the results of this study. Units in the right column are from Spencer et al. 2015. Labels A–D in 
the cross-section are projections of paleodepths and structural thicknesses, the values for which are 




7.2. Mylonitic fabric microstructural observations 
Microstructural shear sense indicators include S-C and S-C  fabrics Figures  A & B 
and 39 A), oblique grain shape orientation in dynamically recrystallized quartz (Figure 39 
B), mica-fish (Figure 11 A & B), and sigma-clasts (Figure 26 E & F), all of which consistently 
record top-to-the-NE shear throughout the footwall in the map area (Plate 1, inset map of 
mylonitic lineations). Dynamically recrystallized quartz grains commonly form 
interconnected equant, somewhat irregular polygons, ~10-100 µm in diameter (Figure 39 
B), or larger very irregular amoeboid shapes often >200 µm across (Figure 39 C). Large 
amoeboid grains are often rimmed with the smaller polygonal grains, and the two sizes are 
often intermixed (Figure 39 D & E). The smaller polygonal and larger amoeboid 
dynamically recrystallized quartz grains are indicative of the quartz having undergone 
subgrain rotation (SGR) and grain boundary migration (GBR), respectively (Stipp et al., 
2002). The amoeboid grains rimmed by smaller equant grains suggest grains formed from 
GBM have been overprinted by grains formed from SGR (Figure 39 D). In the gneiss, 
dynamically recrystallized quartz grains locally have grain boundaries with ~90 degree 





   
   
   
Figure 39: Photomicrographs of mylonitic fabrics in the footwall of the Plomosa detachment fault. A) S-C’ fabric 
records top-NE shear sense (PPL) [0316-P156]. B) Grain-shape preferred orientation in dynamically recrystallized 
quartz records top-NE shear sense (XPL) [1116-P4]. Fabric is comprised of masses of rounded polygonal quartz 
grains ~10–50 µm in size. C) Example of irregular amoeboid shapes of dynamically recrystallized quartz grains, some 
of which are >200 µm in size (1plate) [1016-P274]. Sparse polygonal grains are also present. D) A large amoeboid 
dynamically recrystallized quartz grain (largest blue grain in upper-left) rimmed by smaller polygonal grains (1 plate) 
[1116-P4]. E) A mixture of larger amoeboid dynamically recrystallized quartz grains and smaller polygonal grains (1 
plate) [0316-P80b]. F) Dynamically recrystallized quartz grains with grains boundaries comprised of ~90 degree 







7.3. Mylonitization conditions 
The sizes and recrystallization mechanisms of dynamically recrystallized quartz 
were recorded for 73 samples of mylonitic rocks in order to document the conditions of 
mylonitization throughout the footwall of the Plomosa detachment fault (Figure 40). 
Observed recrystallization mechanisms of quartz include grain boundary migration (GBM) 
and subgrain rotation (SGR) (fabrics described in previous section), and it was recorded 
whether one mechanism is dominant or if they are relatively equal in volume (Figure 40). 
The size of dynamically recrystallized quartz grains correlates to the differential stress 
present during mylonitization, as well as to the temperature. Higher temperatures promote 
grain boundary migration which creates larger amoeboid grains (often >100 µm), whereas 
lower temperatures favors subgrain rotation which creates smaller equant grains (~10–70 
µm). In addition, higher differential stress during SGR consistently yields smaller grains 
(Stipp et al., 2002).  
In the northern Plomosa Mountains, dynamically recrystallized quartz grain sizes 
range from ~10 µm to as large as 300 µm, and there is no clear spatial relationship 
between grain size and the location of the Plomosa detachment fault, except that the only 
two samples with recrystallized quartz <20 µm occur right long the detachment fault. The 
Orocopia Schist and gneiss commonly have recrystallized quartz grains averaging >120 µm 
regardless of the distance to the detachment fault and locally have very large recrystallized 
quartz grains averaging >200 µm. Unit Nic on average has the smallest dynamically 
recrystallized quartz grain sizes, and it was investigated whether lithology of the units was 
a factor for the sizes of dynamic recrystallized quartz. For example, unit Nic generally has 




during deformation, absorbing strain at relatively high strain rates and differential 
stresses. On the other hand, the Orocopia Schist has much more mica (average of ~22%) so 
quartz would act as the dominant strong phase compared to the mica, and thus would 
expect to deform at lower strain rates and lower differential stresses. Surprisingly, no clear 
correlation is observed from plotting the modal percent of mica and quartz, or their ratio to 
one another, versus the size of dynamically recrystallized quartz (Figure 41), suggesting 
lithology was not an important factor. Another reason why the unit Nic may generally have 
smaller recrystallized grain sizes than the Orocopia Schist and gneiss is unit Nic may have 
intruded into the footwall after it was exhumed below temperatures of grain boundary 
migration (~500°C), while the Orocopia Schist and gneiss were originally at deeper levels 
to have undergone GBM.  
A higher concentration of dynamically recrystallized quartz grains 20–70 µm and 
70–120 µm in size occur within one kilometer of either side of the tectonic contact between 
the Orocopia Schist and gneiss, in contrast to the large percentage of >120 µm grains within 
the main bodies of the Orocopia Schist and gneiss (Figure 40). Perhaps the smaller grain 
sizes near the tectonic contact records a concentration of differential stress along the 
contact, produced by the conditions that created the localized L-tectonites. Alternatively, 







Figure 40: Average sizes of dynamically recrystallized quartz and dominant recrystallization mechanism 
recorded in the footwall of the Plomosa detachment fault. Pie charts display the average sizes as 
separated by the three main units. Samples dominated by GBM (triangles) with average dynamically 
recrystallized quartz grains >120 µm (orange and red) suggest temperatures >~500°C (amphibolite 






Figure 41: Modal % mica, quartz, and ratio of mica/quartz plotted against the average size of 
dynamically recrystallized quartz as defined by the bins in Figure 40 (bin 1 is <20 µm, bin 2 is 20–70 µm, 
bin 3 is 70–120 µm, bin 4 is 120–200 µm, and bin 5 is >200 µm). No pattern is observed, suggesting 





7.4. Metamorphic conditions 
The prograde mineral assemblages of the metamorphic units are as follows: 
 Gneiss: hornblende + biotite + feldspar + quartz 
 Orocopia Schist: quartz + biotite + feldspar ± muscovite ± actinolite ± garnet 
 Orocopia metabasalt (KPGam): hornblende + feldspar + quartz  ± biotite ± garnet  
 Metachert: quartz + garnet + hornblende ± actinolite ± biotite 
 Interlayered quartzite and marble: quartz + calcite + tremolite ± muscovite ± 
biotite 
Evidence for retrograde alteration includes chlorite after biotite and hornblende, 
which occurs to some degree in every unit these minerals are present, though this 
alteration is most prevalent in unit Nic, particularly within the alteration zone Nica as 
discussed. Also, the garnets observed in a sample of Orocopia amphibolite have been 
replaced by plagioclase + biotite + epidote (Figure 14 B & C), and a nonmylonitic dike has a 
relic euhedral grain entirely replaced by calcite in the center and chlorite on the rims 
(Figure 28 E & F). Metamorphic accessory minerals throughout the footwall units include 
tourmaline, epidote, allanite, and clinozoisite. In addition, the radiating white mica in a 
sample of unit Nic is likely secondary (Figure 20 D). The prograde mineral assemblages are 
consistent with amphibolite-grade metamorphism, while the alteration and metamorphic 
minerals are indicative of partial overprinting by greenschist-grade metamorphism. 
The dynamic recrystallization mechanisms of quartz also provide information on 
metamorphic grade: The presence of GBM suggests deformation under amphibolite-grade 
metamorphic conditions (~500°C), whereas SGR is typically indicative a deformation 




One sample of gneiss [0316-P94] from the southern mapping area exhibits dynamically 
recrystallized chessboard quartz (Figure 39 F), indicative of very high-temperature 
metamorphic conditions (>600°C) (Passchier and Trouw, 2005). SGR is commonly 
observed to have overprinted GBM (Figure 39 D), consistent with a transition from 
amphibolite-grade to greenschist-grade metamorphism, as recorded in the mineral 
assemblages and alteration. In addition, larger dynamically recrystallized quartz grain sizes 
associated with GBM correlate to fresh biotite, whereas smaller grain sizes associated with 
SGR correlate to higher degrees of chloritization (Figure 42), bolstering the interpretation 
that both chloritization and overprinting of GBM by SGR record the same transition from 
amphibolite- to greenschist-grade metamorphism.  
Ti-in-quartz analysis of sample 1015-P57 of Orocopia Schist from the northern 
Plomosa mountains yielded deformation temperatures of 531–572 ± 4 °C (Seymour et al., 






Figure 42: Samples from the footwall of the Plomosa detachment fault categorized by degree of 
chloritization and separated into dynamically recrystallized quartz grain size bins. This plot illustrates that 
smaller sizes of dynamically recrystallized quartz are associated with a higher degree of chloritization, and 




8. Structural Data 
8.1. Metamorphic fabrics 
As mentioned, within the mapping area mylonitic foliations and lineations are 
pervasive throughout the footwall of the Plomosa detachment fault (Figure 43), and 
commonly form L-S and L>S tectonites. In areas where L>S tectonites dominate, foliation 
commonly reverses dip-direction over m-scale wavelengths, so a single foliation 
representing the overall dip of the fabric would be recorded. The orientations of mylonitic 
and gneissic fabrics are summarized in the following subsections. All reported mean 
orientations are based on the maximum eigenvector (e1), unless otherwise noted. 
8.1.1. Mylonitic foliations 
Mylonitic foliations (n = 620) were measured throughout the footwall with an 
average orientation of: strike/dip (S/D) [116, 10 SW] (Figures 43 A and 44 A; Plate 1). 
Mylonitic foliations were selected within each unit polygon for the three major units (Nic, 
KPGos, and KXgn) and plotted separately yielding three unique patterns (Figure 44 B–D):  
 Unit KPGos has an average mylonitic foliation plane of: S/D [130, 19 SW]. The 
clustered poles to mylonitic foliations form a poorly-defined girdle distribution with 
a fold axis of: trend/plunge (T/P) [228, 19].  
 Unit KXgn has an average mylonitic foliation plane of: S/D [334, 05 NE]. Mylonitic 
foliations are a bit more variable and are on average more horizontal than in the 
other footwall units, and the poles define a girdle with a fold axis of: T/P [028, 05], 




 Unit Nic has an average mylonitic foliation plane of: S/D [099, 13 S]. The poles to 
mylonitic foliations define a girdle that is nearly perpendicular to the other two 
units with a rotation axis of: T/P [139, 08].   
8.1.2. Mylonitic lineations 
Mylonitic lineations (n = 566) were measured throughout the footwall with an 
average orientation of: T/P [220, 09], which are consistently associated with mylonitic 
fabrics that record top-to-the-NE sense of shear (Figures 43 B and 45 A; Plate 1). The 
mylonitic lineations for the three major units were separated in the same way as the 
mylonitic foliations yielding three unique patterns (Figure 45 B–D):  
 Unit KPGos has very tightly clustered mylonitic lineations with an average 
orientation of: T/P [224, 19].  
 Unit KXgn has less tightly clustered mylonitic lineations with an average 
orientation of: T/P [038, 05]. 
 Unit Nic has the least tightly clustered lineations with an average orientation of: 






Figure 43: A) Distribution of mylonitic foliations illustrating strike and dip direction throughout the 
footwall of the Plomosa detachment fault (bold line). B) Distribution of mylonitic lineations illustrating 
trend and plunge direction throughout the footwall of the Plomosa detachment fault. Includes distribution 
of top-to-the NE shear indicators recorded in outcrop or thin section (red circles), and nearest neighbor 
interpolations of the trend of lineations highlighting deviations from the average NE-SW trend (orange 
and red polygons). The bulls-eye of highly deviant lineations in the southern half is in an area which is 
highly faulted and fractured, and is likely the result of brittle rotation. The belt of more northerly trends in 






   
Figure 44: Stereoplots of poles to mylonitic foliations from the footwall of the Plomosa detachment fault. 








   
   








8.1.3. Gneissic foliation in Orocopia metabasalt 
Ten orientations of gneissic foliation were collected across the unit KPGam. The 
foliation of this unit is undulating with fold axes parallel to the strike of the unit, and 
orientations generally vary from subvertical to gently SE dipping (Figures 37 H and 46 A). 
The average orientation is: S/D [037, 52 SE], the dip of which was used to represent the dip 
of the unit in cross-section D–D' on the geologic map (Plate 1; Figures 8 & 9). 
8.1.4. Folded mylonitic fabric 
Fold axes of 26 cm- to m-scale folds, which vary from recumbent/inclined 
isoclinal/tight to upright open, were measured for the units KPGos, KXgn, and Nic (Figure 
46 B). The recumbent/inclined-isoclinal/tight folds have thickened hinges and attenuated 
limbs, suggesting they formed in the ductile regime (Figure 37 D & E). Some upright-open 
folds likely formed during brittle deformation as they show evidence of brittle flexural slip 
along foliation planes. Apparent folds in the unit Nic appear to be associated with 
heterogeneous brittle rotation that has occurred along fracture planes that sole into 
foliation planes, and thus measured and mapped folds in the unit may be the product of 
extensional deformation rather than horizontal shortening. This observation likely explains 
the girdle distribution of poles to mylonitic foliation of unit Nic (Figure 44 D), which could 





   
Figure 46: Stereoplots of A) gneissic foliation of unit KPGam, and B) fold axes of meter-scale folds from 
the footwall of the Plomosa detachment fault. 
8.2. Faults, joints, and dikes 
8.2.1. Plomosa detachment fault 
Structural data from the Plomosa detachment fault includes measurements of the 
principal slip plane (n=8) and slickenline sets (n=11) (Figure 47 A). In addition, the 
orientation of the Plomosa detachment fault was determined from three-point solutions 
where the detachment is clearly projected down a hillslope (n=5). Poles to the measured 
and calculated principal fault planes form a poorly-defined girdle distribution, yielding a 
corrugation axis of T/P [047, 11.5], which is the same trend as the average of NE-trending 
slickenlines (n=8): T/P [047, 16]. A second set of SE-trending slickenlines (n=3) have an 
average orientation of T/P [116, 26], ~70 degrees clockwise from the NE-trending set. The 





unknown whether the SE-trending slickenlines record top-to-the NW reverse 
displacement, or top-to-the SE normal displacement. 
8.2.2. All other faults 
Excluding principle slip planes of the Plomosa detachment fault, a total of 191 fault 
planes and 167 slickenlines were measured in the footwall of the Plomosa detachment fault 
(Figure 47 B). The average trend of their slickenlines is T/P [048, 41], and the average 
trend of their poles is T/P [227, 41]. A sense of slip was determined for 79 faults, and their 
shortening and extension axes were determined (Figure 47 C). 
8.2.3. Normal faults 
53 normal faults were separated from the faults with a known slip sense by the 
criteria they have a dip <80° and rake between 45–90°. These normal faults are mostly 
NW-striking with NE-plunging lineations. Their average shortening axis is T/P [108, 83], 
and their average extension axis is T/P [220, 03], which is identical to the average trend of 
all mylonitic lineations (Figure 47 D). 
8.2.4. Joints 
The average orientations of systematic joint sets at 42 localities were measured 
(Figure 48 A), mostly from within the Orocopia Schist where joint sets are most prevalent. 
The average orientation of their poles is: T/P [228, 13]. 
8.2.5. Dikes 
32 dikes were measured within the footwall, mostly in the southern half of the map 
area. Most measured dikes are nonmylonitic and generally subvertical (Figure 48 B), and 




Some dikes are mylonitic but are oblique to the mylonitic foliation, and may be 
subhorizontal or shallow. The poles to the dikes define a girdle with a rotation axis 
determined from e3 of: T/P [132, 02], similar to the rotation axis for mylonitic foliations of 
the unit Nic. The average horizontal extension direction indicated by the dikes is 222/042, 






   
   






   




8.3. Barite and carbonate veins, and kinematically-related post-detachment faults 
8.3.1. Barite veins 
95 barite veins were measured, which overall have very systematic orientation 
(Figure 49 A). The average orientation of the barite veins determined by e1 is: S/D [030, 80 
SE], and their average orientation determined from the 1% contour maximum is: S/D [033, 
83 SE], which may be more representative of the unique orientation of barite veining by 






8.3.2. Carbonate veins 
Though there is significantly more scatter in the carbonate veins than the barite 
veins, their overall orientations are similar (Figure 49 B). 23 carbonate veins/carbonate-
cemented breccia zones were measured, and their average orientation is: S/D [018, 76 E]. 
8.3.3. Post-detachment faults 
Post-detachment faults include the N- and NE-striking faults that cut the 
detachment, and other faults that cut across extensional faults or features, have 
orientations and kinematics similar to the N- and NE-striking faults, or have orientations 
and mineralization consistent with the late-stage barite and carbonate veining. 13 fault 
planes with 11 slickenlines met these criteria, seven of which had a known sense of slip 
(Figure 49 C). The average shortening axis is T/P [023, 21], and the average extension axis 
is T/P [113, 01]. These young faults are crudely made up of two types: ~N-striking dextral-
normal faults, and ~NE-striking sinistral-normal faults, which are kinematicaly compatible 




   
 
Figure 49: Stereoplots of A) poles to barite veins, B) carbonate veins and carbonate-cemented breccia 






9. U-Pb Zircon Geochronology 
9.1. Orocopia Schist 
Figure 50 is a density plot of all ages from six samples of the quartzofeldspathic 
schist from the northern Plomosa Mountains (Appendix 8) compared to a density plot of 
ages of Orocopia Schist at other localities produced from data provided by Carl Jacobson 
(Jacobson 2000). The excellent match in the two age distributions is the most compelling 
evidence that the schist of the northern Plomosa Mountains is indeed the Orocopia Schist. 
Interestingly, there is great variability of age distributions between individual samples 
(Figure 51). Plotting the ratio of Th/U concentration vs age reveals a high density of low 
Th/U ratios (<0.1) between ~75–50 Ma (Figure 52, blue circles are from samples of 
Orocopia Schist), and a sudden drop-off of higher Th/U ratios at ~68 Ma. Low Th/U ratios 
of <0.1 in zircons have been demonstrated to record metamorphic zircon growth, whereas 
Th/U ratios >0.1 record igneous zircon growth in a typical felsic igneous rock (e.g. Williams 
and Claesson, 1987). Though some studies caution that Th/U ratios of <0.1 also have been 
observed for zircon growths that resulted from magmatic crystallization (Lopez-Sanchez et 
al., 2015), I interpret the low (<0.1) Th/U ratios from samples in this study to record 




   
Figure 50: Zircon U-Pb age density plot of all samples of Orocopia Schist from the northern Plomosa 
Mountains (left) compared to samples of Orocopia Schist collected from other localities (data provided 
courtesy of Carl Jacobson). Solid filled areas are probability density plots (PDP), and the blue lines are 
kernel density estimates (KDE). The Proterozoic peaks as well as the Mesozoic and Cenozoic populations 
and peaks of the ages match very well, providing the best evidence that the schist of the northern 
Plomosa Mountains is the Orocopia Schist.  
 
0–1800 Ma               0–280 Ma 
   
   
Figure 51: Continued on next two pages. 
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Figure 51 continued: Zircon U-Pb age density plots for each of the seven samples of Orocopia Schist 
collected from the northern Plomosa Mountains. Left-hand column is from 0–1800 Ma, and the right-hand 
column is zoomed in to 0–280 Ma. There is significant variability to the number of Proterozoic grains, and 






Figure 52: Plots of Th/U ratio vs Age (Top: linear scale, Bottom: logarithmic scale, displaying the same 
data) determined from U-Pb analysis of zircons for samples of Orocopia Schist (blue circles) and Miocene 
intrusions of unit Nic (orange x’s and red +’s). Low Th/U values (<0.1) emerge at ~102 Ma, and continue 
to as late as ~29 Ma, with a high density between ~75–50 Ma. A sharp drop-off of higher Th/U ratios 
occurs at ~68 Ma. Low Th/U ratios (<0.1) are thought to be associated with metamorphic growth of 
zircons, whereas higher Th/U ratios would be associated with igneous growth. Interestingly, the Miocene 
ages of mylonitic intrusions have a population of low Th/U ratios at ~22–23 Ma, whereas the 
nonmylonitic diorite south of the map area has a range of higher Th/U ratios at ~20 Ma. The age 
distribution and range of Th/U ratios of xenocrystic zircons within Miocene intrusions matches the 




Figure 53 are examples of CL-images taken of the three polished mounts of zircons 
from Orocopia Schist. Most grains have an oscillatory zoned core, and some have thick 
metamorphic overgrows. The ages from the polished mounts range from Proterozoic to 
Late Cretaceous, and a few are Paleocene. The depth profiling technique applied to the 
remaining four samples yielded abundant latest Cretaceous to Paleogene ages from rims <5 
um thick which have low Th/U ratios (Figure 54). It is suspected that the thin bright 
metamorphic rims observed in the CL-images (Figure 50, white arrows point to examples) 
are the source of these latest Cretaceous to Paleogene ages. The discovery of these thin 
metamorphic rims demonstrates the benefits of utilizing CL-imagery in conjunction with 
depth profiling, as anything <20 µm cannot currently be targeted in polished samples, yet 
can be resolved via depth profiling and identified via the CL-imagery. 
 






Figure 53 continued. CL-images of a selection of polished zircon grains for samples of Orocopia Schist 
(Appendix 9). Red circles indicate the area the zircon was ablated, and the resulting age (Ma) is indicated 
adjacent to each spot. White arrows point to possible examples of thin metamorphic rims, the ages of 






Figure 54: Plot of Th/U ratio vs age for samples of Orocopia Schist. Orange circles are ages from zircon 
rims <5 µm thick. Blue circles are from all other ages. There is a high concentration of low Th/U ratios for 
the <5 µm-thick zircon rims, which could only be dated utilizing the depth profiling technique. 
 
9.2. Miocene intrusive complex 
U-Pb zircon ages were determined for six samples of intrusions (Table 2). Sample 
0316-P71x is a protomylonitic granodiorite sill intruded into the Orocopia Schist directly 
below a 1.5 m-wide pod of actinolite (Figure 23 E & F). Eight Miocene ages of zircons were 
determined, yielding a weighted mean age of 22.58 ± 0.55 Ma, whereas the rest of the 
zircon ages are inherited, having likely incorporated xenocrystic zircons from the Orocopia 
Schist. Samples 0316-P80b and 0316-P81a are mylonitic granodiorite dikes within the 
Orocopia Schist, which have similar weighted mean ages of 22.68 ± 0.27 Ma and 22.81 ± 
0.49 Ma, respectively, and have only a few xenocrystic ages. Sample 0217-P16 is a 




mylonitic front in the footwall (Figures 21 A & B and 38). This diorite has entirely Miocene 
ages, yielding a weighted mean age of 20.46 ± 0.15 Ma. Sample 0217-P43 is a 
protomylonitic granodiorite collected to represent the core  of this unit Figure  A , and 
sample 0217-P47 is a high-strain mylonitic granodiorite intruded into the Orocopia Schist 
at its SW extent. Surprisingly, both samples have entirely xenocrystic ages. They yielded no 
Miocene ages, and their age distribution and concentrations of Th and U with age match 
that of the Orocopia Schist (Figures 55 and 56).     
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Figure 55: Zircon U-Pb age density plots of the two intrusive samples with entirely xenocrystic zircons. 
Left: 0–1800 Ma; Right: 0–280 Ma. 
 
   
Figure 56: Zircon U-Pb age density plots of Orocopia Schist from the northern Plomosa Mountains 





Figure 57 are CL-images of polished zircons from the intrusive samples 0217-P43 
and 0217-P47.  Approximately 50 ages each were obtained by ablating polished zircons, 
and an additional ~50 ages were obtained utilizing depth profiling due to the polished 
zircons yielding entirely xenocrystic ages. However, the additional ages obtained via depth 
profiling were also entirely xenocrystic.  
Sample 0217-P  has a preponderance of zircons with chaotic  or abstract  
patterns (Figure 57), with ages dominantly ranging from 126–186 Ma centered around a 
well-defined peak at 155 Ma (Figure 55, top). Only one Proterozoic age was determined for 
sample 0217-P43 out of 118 concordant ages, and Triassic ages are also notably absent. 
Sample 0217-P47 has only a few cores that resemble the chaotic/abstract patterns (Figure 
57), has abundant Proterozoic ages, a small spike of Triassic ages centered at ~228 Ma, and 
has a broad distribution of Cretaceous to Jurassic ages ranging from 126–180 Ma (Figure 
55, bottom). For sample 0217-P43, a possible explanation for the lack of ages prior to the 
155 Ma peak could be that the zircons in the assimilated protolith recrystallized during a 
high-temperature or high-pressure event in the Jurassic, consistent with the intense 
magmatism and subduction zone geometry of the region at that time. High temperatures 
and/or high pressures are suggested by the chaotic/abstract cores of the zircons, which 
resemble high-temperature or high-pressure recrystallization of zircons observed 
elsewhere (e.g. Corfu et al., 2003).  
A second age spike for samples 0217-P43 and 0217-47 is centered around 68 Ma, 
with ages ranging from 60–90 Ma.  These ages overlap the ages of the thin metamorphic 
rims described in the samples of Orocopia Schist, and have the same low Th/U ratios 




patterns which resemble igneous zonation, and are ten times as thick as those in the 
Orocopia Schist – thick enough to be targeted directly in polished samples with 30 µm-wide 
beams. The unusually thick metamorphic rims also suggest a unique history for the 
protolith of sample 0217-P43, as its inherited zircons must have experienced special 
metamorphic conditions (perhaps saturated with water, or a protracted heating event?) to 
have grown such uniquely thick metamorphic rims. The metamorphic rims for sample 
0217-P47 are more like the Orocopia Schist, as ablating polished zircons yielded only a few 






Figure 57: CL-images of a selection of polished zircons of two intrusive samples. Red circles indicate the 
location the zircon was ablated, with the resulting age (Ma) and Th/U ratio indicated adjacent to the spot. 
Note the chaotic/abstract cores in many of the zircons for sample 0217-P43, which yield Jurassic ages, 








10. The Northern Plomosa Mountains Metamorphic Core Complex 
10.1. Geometry and kinematics of extension 
Throughout the map area, extension-related ductile and brittle features record an 
extremely consistent direction of extension, with top-to-the-NE shear recorded by ductile 
fabrics, and top-to-the-NE displacement recorded by normal faults. The average trends of 
mylonitic lineations of the three main units (Nic, KPGos, and KXgn) are nearly parallel, 
though the lineations of unit Nic trend ~10° more NNE (Figure 45). The average ductile 
extension direction given by the average trend of all mylonitic lineations is T/P [220, 09], 
consistent with the fold axis for Orocopia Schist (T/P: 228, 19), and the corrugation axis of 
the Plomosa detachment fault (T/P: 047, 11.5). 62/63 mylonitic samples with a sense of 
shear record top-to-the NE shear, and the single sample that records top-to-the SW shear is 
from within ~500 m of the mylonitic front, where antithetic top-to-the SW shears have 
been described in several other Arizona metamorphic core complexes (Reynolds and 
Lister, 1990).  Several types of brittle structures also record a very consistent NE-SW 
extension direction, including the average NE-trending slickenlines of the principal slip 
plane of the Plomosa Detachment fault (T/P: 047, 16), the average extension axis 
determined from normal faults (T/P: 220, 03), the average pole of joints (T/P: 228, 13), and 
the average opening-direction of late-stage dikes (T/P: 222, 01). Because the extension 
direction recorded by ductile and brittle structures in the footwall of the Plomosa 




extension direction between the ductile and brittle regime during development of the core 
complex.  
A nonconformity between early Miocene(?) sedimentary units and pre-Cenozoic 
granitic, gneissic, and metasedimentary rocks in the footwall of the Plomosa Detachment 
fault dips ~55° to the SW (Figure 38) due to tilting of the footwall during Miocene 
exhumation. The footwall of the Plomosa detachment fault likely rotated as a large tilt-
block between the Plomosa detachment fault and a single, structurally-lower break-away 
fault to the SW (Spencer and Reynolds, 1991). Rotation of the Plomosa detachment fault must have also occurred during exhumation and tilting of the footwall, resulting in its  
current NE-dip of ~12°. Rotating the footwall by 55° to the NE restores the nonconformity 
to horizontal, and rotating the detachment fault by the same amount yields an initial NE dip 
of 77°, which is undoubtedly too steep for a fault which has accommodated 15–30 km of 
displacement (Spencer and Reynolds 1991). Perhaps the SW portion of the footwall at the 
nonconformity has undergone more tilting than the NE portion in the mapping area, which 
would be consistent with models of metamorphic core complex development involving 
listric faults (Lister and Davis, 1989). Rather than restoring the nonconformity to 
horizontal, it is likely more reasonable to restore the detachment fault to a NE dip of 60°, 
consistent with Andersonian theory. This would yield a NE rotation of the detachment fault 
and footwall of 48°, which is applied to the mylonitic foliations in a later section to 




10.2. Timing of mylonitization and extension 
10.2.1. Early Miocene mylonitic fabrics 
The footwall of the Plomosa detachment fault was exhumed between 23–15 Ma 
based on apatite and zircon fission-track ages (Foster and Spencer, 1992), and three 
synmylonitic leucocratic intrusions have very consistent ages of between 22.58–22.81 -
0.55 +0.49 Ma. Mylonitic fabrics are widespread in the footwall of the northern Plomosa 
Mountains, exposed across  km2 in the mapping area, and ~6 km2 of the exposed 
mylonitic fabrics are early Miocene plutonic rocks. The ages of the intrusions are nearly 
synchronous with the initiation of the Plomosa detachment fault, suggesting that plutonism 
and detachment faulting were linked. Synmylonitic plutonic rocks are documented in other 
nearby core complexes, where they may have triggered large-magnitude extension (e.g. 
Buckskin-Rawhide Mountains, Singleton et al., 2014; Whipple Mountains, Gans and Gentry, 
2016). This study is the first to document syndetachment mylonitic fabrics in the footwall 
of the Plomosa detachment fault, and to identify a Miocene plutonic suite in the area, 
revealing the northern Plomosa Mountains is a metamorphic core complex analogous to 
the other core complexes in the LCREC. 
10.2.2. Synkinematic intrusions 
Diorites and quartz diorites of unit Nic mostly likely intruded ~20.5 Ma because 
they are petrographically similar to the 20.46 ± 0.15 Ma nonmylonitic diorite south of the 
map area, and they cut across mylonitic leucocratic layers that are likely 22–23 Ma (Figure 
21 A–D). These dioritic bodies therefore intruded during exhumation of the Plomosa 




However, because they are rheologically stronger than the quartz-rich lithologies that 
dominate the footwall, it is possible that they intruded during the late stages of 
mylonitization and resisted penetrative deformation. Late-stage non-mylonitic rhyo-dacite 
dikes (unit Nd in Plate 1) are interpreted to be syndetachment because of their NW-striking 
orientations, which are consistent with opening resulting from NE-SW extension (Figure 48 
B). They are likely fairly shallow intrusions indicated by their very fine-grained ground 
mass (Figure 28 C & D), and probably intruded after mylonitization ceased in the footwall 
of the Plomosa detachment fault, though these intrusions were not dated. 
10.2.3. Pre-Miocene mylonitic fabrics 
The compilation map of the northern Plomosa Mountains in Figure 38 shows that 
the mylonitic front (the top of the zone of mylonitic fabrics) in the footwall of the Plomosa 
detachment fault is only 2.5–3.5 km north of a SW dipping nonconformity between early 
Miocene(?) sedimentary units and pre-Cenozoic granitic, gneissic, and metasedimentary 
rocks. The cross-section in Figure 38 (projection A) demonstrates that prior to tilting of the 
footwall during extension, the mylonitic front would have been only 1.5–2 km below the 
surface at the initiation of the Plomosa detachment fault in the early Miocene. With a very 
high geothermal gradient of 100° C/km (possibly reasonable for a highly-extended terrain 
undergoing magmatic activity), the temperature at 2 km depth could have been at most 
~225° C. In both the gneiss and the Orocopia Schist, dynamically recrystallized quartz has 
undergone grain boundary migration (GBM) (Figure 40) suggesting deformation 
temperatures of >~500°C (Stipp et al., 2002), and these fabrics record top-to-the NE shear. 
In addition, the gneiss locally has chessboard patterns within dynamically recrystallized 




2005), which was observed within ~3 km north of the mylonitic front, only ~3 km below 
the presumed Miocene surface (Figure 58). The high-temperature fabrics of the gneiss are 
therefore too shallow to be the result of Miocene mylonitization, whereas the high-
temperature fabrics of the Orocopia Schist are from a structural depth of 9–12 km 
(northernmost Orocopia Schist, Figure 58), where it was likely hot enough to undergo 
mylonitization in the early Miocene. 
10.3. Relationships of amphibolite- and greenschist-facies deformation fabrics 
The higher-temperature fabrics of the Orocopia Schist are in the structurally deeper 
northern section (9–12 km paleo-depth, Figure 58) and Ti-in-quartz analysis of Orocopia 
Schist indicates deformation temperatures of 531–572° ± 4° C (Seymour et al., 2016), 
confirming the fabric in the sample is the result of amphibolite-facies dynamic 
recrystallization. The Orocopia Schist almost certainly was deformed at much greater 
depths at an earlier period (discussed later), and the high-temperature fabrics in the 
Orocopia Schist may record the earlier deformation event. However, an elevated 
geothermal gradient of 60 °C/km would yield amphibolite-facies temperatures at depths of 
9–12 km (~565 °C at 9 km), which may be plausible given the association with 
synmylonitic plutonism. Thus, it is possible the high-temperature fabrics in the Orocopia 
Schist record Miocene mylonitization. The structurally-higher southwestern exposures of 
the Orocopia Schist (6–9 km depth) typically record smaller dynamically recrystallized 
quartz grain sizes (Figure 58), and no sample is dominated by high-temperature GBM 
except for a sample of metachert interlayered in the metabasalt.  
Unit Nic has on average the smallest sizes of dynamically recrystallized quartz 




southern half of unit Nic has dynamically recrystallized quartz grains that are no larger 
than 70 µm, and several samples are dominated by SGR, which suggests the southern half 
underwent greenschist-facies dynamic recrystallization. The structurally deeper northern 
portion of unit Nic on average records higher-temperature fabrics, which is consistent with 
the Orocopia Schist (Figure 58).  
As previously mentioned, the gneiss typically records high-temperature 
deformation fabrics consistent with amphibolite-facies metamorphic deformation at 
depths of only ~3 km (Figure 58). Interestingly, quartz grain sizes and dynamic 
recrystallization mechanisms in the gneiss record lower temperatures to the N and NW, in 
the structurally deeper portions of the footwall. These lower-temperature deformation 
fabrics are adjacent to, and on trend with, the tectonic contact between the gneiss and the 
Orocopia Schist (Figure 58). 
Most mylonites in the footwall of the Plomosa detachment fault record a 
combination of GBM + SGR. GBM is often observed to be overprinted by SGR (Figure 39 D), 
suggesting the mylonites underwent dynamic recrystallization at high temperatures 






Figure 58: Approximate early Miocene pre-detachment paleo-depths of the footwall of the Plomosa 
detachment fault. Includes dynamically recrystallized quartz grain sizes and mechanisms (see caption in 
Figure 40 for more information), and a titanium-in-quartz deformation temperature (531–572° ± 4° C) of 




10.4. Possible origins of mylonitic fabrics 
The mylonitic front as mapped could belong to a shear zone resulting from latest 
Cretaceous to Early Paleogene extension as suggested to have occurred in the nearby Dome 
Rock Mountains, Harcuvar Mountains, and Buckskin-Rawhide Mountains (Boettcher and 
Mosher, 1989; Wong et al., 2013; Singleton and Wong, 2016). The interpretation of a pre-
Miocene shear zone is consistent with other localities of Orocopia Schist in SW Arizona and 
SE California, where mylonitic lineations associated with Paleogene exhumation of the 
Orocopia Schist trend ENE to NE (Jacobson et al., 2002; Haxel et al., 2002), and are often 
difficult to separate ~NE-trending lineations associated with Miocene exhumation. 
Additional evidence for pre-Miocene top-to-the-NE shearing of Orocopia Schist in the 
Plomosa Mountains include the asymmetry of actinolite pods within the schist. Several 
pods have σ-clast-shapes that record top-to-the-NE shear (Figure 18 C). However, 
actinolite within these pods does not show evidence of deformation or recrystallization, 
and in one thin section, actinolite appears to have grown across a previously folded 
ultramafic protolith (Figure 18 D). Therefore, formation of actinolite must have occurred 
after the ultramafic pods within the Orocopia Schist were sheared, which likely occurred 
before Miocene exhumation. Because the Miocene intrusive complex has mylonitic 
foliations and lineations that are nearly identical to that of the gneiss and Orocopia Schist 
(Figures 44 and 45), and all units record top-to-the-NE shear, a pre-existing shear zone 
may have significantly influenced the geometry and kinematics of mid-crustal extension in 
the Miocene. 
Another possibility for the shallow depth of the mapped mylonitic front is that the 




al., 2015) may actually be in the hanging wall due to a cryptic arch of the Plomosa 
detachment fault, which in this scenario would reverse dip just north of the Plomosa Pass 
area and dip SW beneath the nonconformity (as illustrated by Scarborough and Meader, 
1983). Thus, the mylonitic shear zone may have been active at greater depths (10–15 km) 
in the early Miocene, and was arched upwards along with the Plomosa detachment fault in 
response to unroofing and isostatic rebound (Figure 3). Evidence that the mylonitic fabric 
in the footwall of the Plomosa detachment fault may be an arched Miocene shear zone are 
SW-dipping discrete shear zones with top-to-the-SW displacement, and top-to-the-SW 
sense of shear recorded  in mylonitic fabric, which are documented within ~500 m of the 
mylonitic front. These shear zones with oppositely-directed displacement are identical to 
the antithetic shears described near the mylonitic fronts of other core complexes in the 
region, and are interpreted to record folding of the mylonitic shear zone as it is arched 
during unroofing and isostatic rebound (Figure 5) (Reynolds and Lister, 1990). If the SW-
dipping discrete shear zones with top-to-the-SW displacement are Miocene, cutting the 
~20.5 Ma diorite (Figure 38), then the mylonitic front would also likely be Miocene. 
However, to account for the high-temperature fabrics in the gneiss, the paleo-depth of the 
mylonitic front must be misrepresented in the cross section in Figure 38, opening the 
possibility that the high-temperature shear zone was active at greater depths. This scenario 
is unlikely, as the most recent mapping does not support a SW-dipping segment of the 
Plomosa detachment fault (Spencer et al., 2015). 
The Miocene intrusive complex on average has relatively small dynamically 
recrystallized quartz grain sizes (>50% are 20–70 µm) formed via subgrain rotation 




units (Figure 31), suggesting mylonitization of unit Nic occurred primarily in the 
greenschist-facies. In contrast, the shear fabrics in the gneiss and Orocopia Schist record a 
mix of amphibolite-facies and greenschist-facies mylonitization. However, the 
preponderance of mylonitic to protomylonitic Miocene intrusions within the Orocopia 
Schist in the northern Plomosa Mountains demonstrates that the Orocopia Schist was at 
least partially mylonitized in the Miocene, and some (if not all) of the mylonitic lineations 
in the Orocopia Schist must record NE-SW extension associated with Miocene detachment 
faulting. Though there is compelling evidence that the mylonitic fabrics of the gneiss are 
pre-Miocene, the Orocopia Schist is more likely to have been entirely mylonitized during 
Miocene detachment faulting because it is richer in mica and quartz, and thus is more easily 
mylonitized at greenschist-facies conditions than the crystalline gneiss. Also, the Orocopia 
Schist seems to have hosted more Miocene intrusions than the gneiss, which would locally 
increase the temperature and allow for mylonitization at shallower depths (Plate 1; cross-
section A-A  in Figure 9). Finally, the Orocopia Schist was at a greater structural depth 
overall compared to the gneiss, suitable for the development of high-temperature fabrics 
(Figure 58). 
10.5. Geometric relationship of mylonitic fabrics and the Plomosa detachment fault 
Mylonitic foliations of the Orocopia Schist as well as unit Nic on average dip 
moderately to the SW, whereas mylonitic foliations of the gneiss are corrugated, and thus 
dip moderately to shallowly NW and E, or are near horizontal (Figure 44 B, C & D). 
Previously discussed was the possibility that some mylonitic fabrics may record latest 
Cretaceous to early Paleogene exhumation, and though mylonitic Miocene intrusions 




of mylonitic lineations are overall the same throughout the footwall of the Plomosa 
Detachment fault, but the mylonitic foliation of the gneiss is overall discordant to the 
mylonitic foliation of the Orocopia Schist and unit Nic (Figure 38). The moderately SE-
dipping mylonitic foliations along the tectonic contact between the Orocopia Schist and the 
gneiss are also discordant to the overall mylonitic fabrics of both units (Plate 1; Figures 9 
and 38). The Miocene intrusions along the tectonic contact between the Orocopia Schist 
and the gneiss, and the gneiss adjacent to the tectonic contact, have mylonitic foliations 
that locally parallel the SE-dipping contact.  
The gently E- to NE-dipping Plomosa detachment fault is discordant to the majority 
of mylonitic foliations throughout the footwall (Plate 1; Figure 9). This discordance 
suggests the Plomosa detachment fault captured a mylonitic shear zone at greater depth, 
and that the mylonitic fabric is not the downward continuation of the detachment fault. The 
average orientation of mylonitic foliations in unit Nic is S/D [124, 30 SW] based on the 
contour maximum to its poles, which is similar to the average orientation of the Orocopia 
Schist, which is S/D [130, 19 SW]. Because the Orocopia Schist has been at least partially 
reworked by Miocene mylonitization, the mylonitic foliations of unit Nic and the Orocopia 
Schist may represent the orientation of the Miocene shear zone, and their average 
orientation is S/D [127, 25 SW]. Restoring the footwall to its original orientation prior to 
tilting along the Plomosa detachment fault (as described earlier) rotates the average 
mylonitic foliation of the Orocopia Schist and unit Nic by 48° to a NE-dip of ~23°. Mylonitic 
fabrics within this Miocene shear zone record top-to-the-NE shear, therefore normal 
displacement would have been accommodated along the shallowly NE-dipping shear zone 




has similarities with the Buckskin-Rawhide metamorphic core complex to the NE, where 
footwall mylonites are interpreted to have initiated as a subhorizontal shear zone that was 
captured by a moderately-NE-dipping detachment fault (Singleton and Mosher, 2012). 
Conducting the same rotation on the gneiss (48° rotation to the NE) reorients the 
mylonitic fabric to an average dip of ~53° to the NE, considerably steeper than the 
Orocopia Schist and unit Nic. Because the gneiss has high-temperature fabrics just 2–3 km 
below the Miocene paleo-surface, it likely records mylonitization during a pre-Miocene 
deformation period, and its mylonitic fabrics may have formed in a moderately-dipping 
latest Cretaceous to early Paleogene normal-displacement shear zone. 
A zone of mylonitic foliations that are adjacent and subparallel to the Plomosa 
detachment fault occupies the central map area (Labeled III in Figure 58), and unit Nic in 
that area is locally intensely chloritized and brecciated (Figure 20 E & F). Mylonitic 
foliations subparallel to the detachment fault suggests it is a shear zone that was active 
along the fault rather than one that was captured, and brecciation within the zone suggests 
it transitioned to localized brittle deformation immediately below the detachment fault 
during exhumation.  
10.6. Three mylonitic shear zones 
Based on the geometric relationships between the mylonitic foliations, their 
discordance or subparallelism to the Plomosa detachment fault, and their relationship to 
deformation temperatures recorded by microstructures (Figure 58), I propose there are 
three distinct mylonitic shear zones in the footwall of the Plomosa detachment fault (Figure 
59). The oldest shear zone (labeled I in Figure 59) was active prior to the Miocene, and is 




interpreted to have had a moderate NE-dip prior to detachment faulting. A pre-Miocene age 
is supported by the high-temperature fabrics recorded in the gneiss at a very shallow depth 
below the Miocene paleo-surface (Figures 58). The northern extent of the corrugated 
mylonitic fabric of the gneiss demarcates the Miocene mylonitic front (Figure 59). The 
second oldest shear zone (labeled II in Figure 59) initiated in the Miocene with a shallow 
NE dip, and is comprised mostly of Orocopia Schist and unit Nic. Shear zone II was captured 
and exhumed by the more steeply-dipping Plomosa detachment fault. Miocene dikes and 
sills throughout the Orocopia Schist and a majority of the Miocene intrusive complex were 
mylonitized by this shear zone, supporting a Miocene age. The tectonic contact (marked by 
unit KPGam; Plate 1, Figure 59) is likely the contact between shear zone II and the pre-
Miocene shear zone (shear zone I). The mylonitic gneiss was locally re-mylonitized in the 
Miocene by shear zone II immediately adjacent to the tectonic contact, as suggested by 
mylonitic foliations of the gneiss that parallel the tectonic contact, and lower temperature 
fabrics in the gneiss immediately adjacent to the tectonic contact (Figures 58 and 59). 
Because the Orocopia Schist underwent a greater magnitude of Miocene shear than the 
adjacent gneiss, the SE-dipping contact between the Orocopia Schist and the gneiss 
developed into a dextral shear zone, which resulted in a lateral strain-gradient that likely 
yielding the L-tectonites observed at the contact (Plate 1). The youngest shear zone 
(labeled III in Figure 59) lies immediately below the Plomosa detachment fault and has 
moderately to gently E- to NE-dipping mylonitic fabrics that are subparallel to the E-
dipping limb of the corrugated detachment fault, suggesting this shear zone is the direct 
result of mylonitization along the detachment fault. Shear zone III and the brecciated rock 




likely incised into the hanging wall. Incisement of detachment-parallel mylonite zones has 
been inferred for other core complexes in the region (Lister and Davis, 1989; Singleton and 
Mosher, 2012). An interpretation for the development of the three shear zones is 
illustrated in Figure 60. 
The highest temperature fabrics (dynamically recrystallized quartz >200 µm, 
dominated by GBM) of the Orocopia Schist are in the structurally deepest (northernmost) 
position in the footwall, which indicate temperatures of >500°C , and Ti-in-quartz analysis 
from a sample in the northern Orocopia Schist indicate temperatures of ~550°C (Figure 
58) (Seymour et al., 2016). I had suggested that these high-temperature deformation 
fabrics could have formed from mylonitization at their pre-detachment paleo-depth of 9–
12 km due to a high geothermal gradient (60°C/km). However, the pre-detachment paleo-
depths projected from the nonconformity (Figure 58) do not take into account exhumation 
along shear zone II prior to initiation and capture by the Plomosa detachment fault. 
Therefore, the pre-extensional paleo-depth of these rocks may have been significantly 
deeper when shear zone II was active, and thus a less exaggerated geothermal gradient 





Figure 59: Three shear-zone domains interpreted in the footwall of the Plomosa detachment fault, 
described in the figure and text. Shear zone III may have been incised into the hanging wall to the north, 















Figure 60 continued: Interpretation for the structural evolution of the three mylonitic shear zones. A) 
Development of shear zone I, possibly during the Paleogene, accommodating exhumation of the Orocopia 
Schist. B) Initiation of shear zone II during intrusion of unit Nic, overprinting older fabrics in the Orocopia 
Schist and mylonitizing unit Nic. C) Capture and exhumation of shear zone II by the Plomosa detachment 
fault which initiated at a high angle, and development of shear zone III locally along the Plomosa 
detachment fault. Rotation of the footwall and the Plomosa detachment fault occurred during 
displacement along the detachment fault. D) End of displacement and rotation of the footwall and 
Plomosa detachment Fault. Incision of the Plomosa detachment into the footwall near the end of 
displacement removed most of shear zone III. E) Present-day topography and exposure of the 
subhorizontal mylonitic foliation of the corrugated gneiss, and SW-dipping mylonitic foliation of the 






10.7. Relationship of Miocene intrusive complex to the Plomosa detachment fault 
The NNE- to NW-trending main body of the Miocene intrusive complex borders the 
broadly corrugated Plomosa detachment fault as a consistent 0.5–1 km-wide belt (Plate 1), 
which strongly suggests a relationship between the two. The northern approximately two-
thirds of unit Nic was mylonitized in the originally shallowly NE-dipping shear zone (shear 
zone II), which was later captured by the detachment fault, and therefore unit Nic must 
have intruded into shear zone II prior to initiation of the detachment fault. Thus, it is 
unlikely unit Nic localized along the detachment fault; rather, several other structures were 
present along which unit Nic could have localized to form its arc-shaped distribution. Prior 
to core complex development, the corrugated foliation of the gneiss dipped ~50° NE, along 
which unit Nic could have intruded yielding its arcuate distribution (Plate 1; Figures 59 and 
60). The pre-detachment boundary between the Orocopia Schist and the gneiss is another 
weakness that unit Nic could have localized along. Unit Nic is observed to have localized 
along active shear zones such as the tectonic contact between the Orocopia Schist and 
gneiss (Plate 1), though if active shear zones were the main control, unit Nic may be 
expected to have intruded over a wider area within shear zone II rather than confined 
mostly to a 0.5–1 km-wide belt (Figure 59). Unit Nic within the detachment-subparallel 
shear zone (shear zone III, Figure 59) likely had already intruded into the location of shear 
zone III prior to initiation of the Plomosa detachment fault, and was mylonitized in shear 
zone III after capture by the detachment fault.  
Exhumation along the Plomosa detachment fault is thought to have initiated as early 
as 23 ± 2 Ma (Foster and Spencer, 1992), and intrusions of unit Nic are as earlier as 22.81 ± 




in response to intrusion of unit Nic, consistent with the conclusion that the Buckskin-
Rawhide detachment fault to the NE initiated following intrusion of the Swansea Plutonic 
Suite into the footwall (Singleton et al., 2014). Intrusion of unit Nic into either the 
moderately-dipping corrugated geometry of the gneiss, or a moderately-dipping contact 
between the gneiss and the Orocopia Schist, would have yielded thermal weakening and a 
favorable geometry to trigger a major high-angle normal fault. Low-temperature 
thermochronology of the structurally highest portion of the footwall could be used to 
reveal when rapid cooling began, which would resolve whether the detachment fault was 
active before or after intrusion of unit Nic. 
The relationship of unit Nica to unit Nic (which greatly overlap) and to the Plomosa detachment fault is clear. As described in the section Mineralization and Alteration , unit 
Nic appears to have been the focus of hydrothermal fluids, and it was concluded that the 
alteration zone borders the Plomosa detachment fault not because the detachment fault 
caused a localization of alteration there, but because that is where the intrusive complex 
localized, which was likely the source and conduit of magmatically-derived hydrothermal 
fluids. 
10.8. Implications of the Miocene intrusive complex 
As discussed, it seems likely that the Plomosa detachment fault localized along unit 
Nic, after intrusion of unit Nic along the corrugated foliation of the gneiss and/or the 
contact between the Orocopia Schist and the gneiss. It also seems likely that the originally 
shallowly NE-dipping shear zone involving the Orocopia Schist (shear zone II) initiated in 
response to intrusion of unit Nic due to thermal weakening of already rheologically weak 




complexes of SE California and SW Arizona (e.g. in the South Mountains, Reynolds, 1995, 
the Buckskin-Rawhide Mountains, Bryant and Wooden, 2008, Whipple Mountains, Gans 
and Gentry, 2016), and the addition of the Plomosa Mountains as a core complex with 
synmylonitic intrusions (as documented in this study) bolsters the idea that metamorphic 
core complexes are intrinsically tied to magmatism. Perhaps the most significant 
implication of unit Nic is that it was most likely the trigger for the initiation of large-
magnitude extension in the northern Plomosa Mountains metamorphic core complex. 
Ductile deformation along the tectonic contact between the Orocopia Schist and the 
gneiss may have been more protracted than throughout the main body of the Orocopia 
Schist due to localization of intrusions along it. Protracted deformation is suggested by the 
lower-temperature fabrics of dynamically recrystallized quartz recorded within ~1 km of 
either side of the contact relative to the main body of Orocopia Schist, which generally has 
higher-temperature fabrics (Figure 58). 
Documentation of the Miocene intrusive complex (unit Nic) in the northern Plomosa 
Mountains provides an explanation for two observations made in previous studies. Duncan 
(1990) documented mineralization within the hanging wall of the Plomosa detachment 
fault, and stated that a late-stage rejuvenation of mineralizing fluids and increase in 
temperature were possibly due to an igneous source. I had inferred that unit Nic was likely 
the focus of magmatically-derived hydrothermal fluids, and conclude that is likely the 
source of the mineralizing fluids and increase in temperature that Duncan (1990) had 
documented. Knapp and Heizler (1990) inferred from 40Ar/39Ar thermochronologic data 
that the partial resetting of K-feldspar in the Plomosa Pass area of the northern Plomosa 




faulting. This too is explained by the presence of unit Nic documented in this study, which 
includes a large body of synkinematic diorite near the Plomosa pass area (Figure 38). 
10.9. Topographic trends 
Several topographic features of the northern Plomosa Mountains can be explained 
by the orientations of structures documented in this study. The range has an anomalous N-
S orientation as compared to the Buckskin-Rawhide and Harcuvar Mountains to the 
northeast (Figure 2), which is due to the corrugation of the Plomosa Detachment fault 
plunging to the NE with unequal preservation of its limbs. The eastern limb of the 
corrugated detachment fault is well preserved, as there are many kilometers of exposure, 
whereas the northwestern limb is hardly preserved at all. If there was equal preservation 
of the two, and assuming they were the same length, the Plomosa detachment fault would 
have a ~10 km-long WSW-striking segment to the northwest. To explain why the western 
side of the range is not exposed and instead buried by alluvium/colluvium, it was 
hypothesized that a N-striking fault may have down-dropped the western side of the range, 
and that a graben lies beneath the N-S La Posa Plain west of the northern Plomosa 
Mountains.  No evidence for such a fault was found, though why there is such unequal 
perseveration of the limbs of the detachment fault is not known. Finally, the N-S orientation 
of the range was exaggerated by offset along the N- and NE-striking post-detachment faults 
(Figure 38). 
Numerous NE-SW trending ridges and valleys trend nearly parallel to the mylonitic 
lineations in the footwall of the Plomosa detachment fault (Plate 1). It was hypothesized 
that these NE-trending ridges and valleys may have formed within folds in the mylonitic 




the mylonitic foliation was not observed to be coincident with the ridges and valleys (Plate 
1). Several of the NE-trending ridges in the footwall of the Plomosa detachment fault are 
capped by mylonitic intrusions of the Miocene intrusive complex, which are likely more 
resistant to erosion. Also, relatively coherent rock interlayered in Orocopia Schist 
sometimes form elongated ridges parallel to mylonitic lineations and are an expression of 
L>S mylonitic fabrics. I propose that the NE-trending ridges and valleys simply formed due 
to erosion of the anisotropic footwall of the Plomosa detachment fault, which includes 
resistant, elongated, lineation-parallel outcrops of resistant rock. Alternatively, Spencer 
(2000) concluded that similar extension-parallel drainages documented in the other 
metamorphic core complexes of SW Arizona likely initiated along surface exposures of the 
detachment fault scarps, forming down-dip (extension-parallel) drainages that lengthened 
as the footwall was exhumed. 
E- and NW-dipping limbs of the prominent corrugation in the gneiss form ridges that V  to the NE Plate . )nterestingly, the NE-striking fault that separates the limbs is 
nearly parallel to, and occupies the exact space that the corrugation-axis for the 
corrugation could be drawn. Lastly, the NNE-trending eastern ridge of the corrugated 
gneiss is elevated relative to the NE-trending western ridges due to E-side-up displacement 
along the NE-striking fault. 
10.10. Comparison of northern Plomosa Mountains to other core complexes in the 
LCREC 
The northern Plomosa Mountains metamorphic core complex has many similarities 
to the other core complexes within the LCREC and only minor differences: 1) Slip 




of nearby core complexes (Figure 61). 2) The Plomosa detachment fault is corrugated 
about a NE-trending axis, as is the Whipple-Buckskin-Rawhide-Bullard detachment fault 
system. A key difference is that Plomosa detachment fault dips ~12° to the NE on average, 
whereas the detachment faults of the Buckskin-Rawhide Mountains and Harcuvar 
mountains to the NE are subhorizontal in their dip-direction. The Plomosa detachment 
fault may have a steeper dip either because it initiated at a steeper angle, or underwent less 
rotation, having accommodated less displacement. 3) The Plomosa Mountains 
metamorphic core complex has Miocene age mylonitic fabrics as documented by presence 
of mylonitic Miocene intrusions. 4) Much of the footwall of the Plomosa detachment is 
comprised of L>S tectonites in the more homogenous layers, and the compositionally 
layered gneiss is corrugated, as described for homogenous and layered units in the 
Buckskin-Rawhide Mountains (Singleton, 2013). Because the corrugated gneiss is 
interpreted as a pre-Miocene normal-displacement shear zone, it may suggest that 
constriction is commonly associated with large-magnitude extension, and that the pre-
Miocene shear zone was analogous to a core complex shear zone. 5) L>S fabrics are 
associated with inclined tight/recumbent isoclinal folds with fold axes parallel to the 
lineation direction, as described in the central Mojave metamorphic core complex (Fletcher 
and Bartley 1994). 6) The footwall of the Plomosa detachment fault is intruded by 
synmylonitic intrusions as are the nearby South Mountains (Reynolds, 1986), Buckskin-
Rawhide Mountains (Bryant and Wooden, 2008), and Whipple Mountains (Gans and 
Gentry, 2016), and much of the mylonitic Miocene intrusive complex is compositionally and 
texturally similar to the Swansea Plutonic suite in Buckskin-Rawhide Mountains to the NE 




Two notable differences between the northern Plomosa Mountains metamorphic 
core complex and neighboring core complexes are: 1) the relatively isolated position of the 
northern Plomosa Mountains off of the trend of the other core complexes of the LCREC 
(Figure 61), and 2) that the northern Plomosa Mountains contains the Orocopia Schist, 







Figure 61: Mylonitic footwalls (areas in red) of metamorphic core complexes in the LCREC, with the 
average slip direction of the detachment fault indicated by an arrow.  DM: Dead Mountains, SCM: 
Sacramento Mountains, CM: Chemehuevi Mountains, WM: Whipple Mountains, PM: Plomosa Mountains, 
BR: Buckskin-Rawhide Mountains, HV: Harcuvar Mountains, HQ: Harquahala Mountains: WT: White Tank 




11. Orocopia Schist at the Northern Plomosa Mountains 
11.1. Deposition, subduction, and metamorphism of the Orocopia Schist 
The history of deposition, subduction, and metamorphism of the Orocopia Schist can 
be inferred by the plot of Th/U ratios versus the age of zircons (Figure 52). High Th/U 
values for Orocopia Schist ranging from >0.1 to ~3 are interpreted to record igneous 
growth of zircons that were later eroded, transported, and deposited as detrital zircons. A 
Jurassic-Cretaceous magmatic arc was active along California (e.g. Decelles, 2004), 
providing a plentiful source of volcanic zircons that could be incorporated into the trench 
sediments shortly after eruption. A sharp drop-off in Th/U ratios >0.1 occurs at ~68–70 
Ma, which represents the maximum depositional age of the Orocopia Schist (the youngest 
age of detrital zircons in the sedimentary protolith of the Orocopia Schist). The maximum 
depositional age of 68–70 Ma for the Orocopia Schist at the northern Plomosa Mountains is 
similar to the maximum depositional age of zircons for Orocopia Schist at Cemetery Ridge, 
which is ~65 Ma (Jacobson et al., 2017). Though it has been cautioned that interpreting low 
Th/U ratios of <0.1 as a cutoff for metamorphic zircon growth can be misleading in some 
instances (Lopez-Sanchez et al., 2015), this cutoff works remarkably well for the Orocopia 
Schist at the Plomosa Mountains. It was demonstrated that thin metamorphic rims of 
zircons in the Orocopia Schist correspond to Th/U ratios <0.1, and the age range of the high 
density of Th/U ratios <0.1 is consistent with the time frame the Orocopia Schist would 
have been metamorphosed after it was subducted.  
Trace element analysis during zircon split-stream laser ablation was conducted for 
sample 1016-P145, yielding a concentration of a variety of elements for each age, including 




(~75 Ma, Figure 62), suggesting that the low Th/U ratios formed from metamorphism in 
the presence of ocean water (e.g. Aranovich et al., 2017), evidence that latest Cretaceous to 
Paleogene metamorphism was the result of subduction of the Orocopia Schist. I propose 
that Th/U ratios <0.1 for Orocopia Schist ages between ~75–50 Ma record metamorphism 
of the Orocopia Schist as it was subducted (Figure 52), and that Th/U ratios <0.1 prior to 
~75 Ma likely record regional metamorphism associated with pluton emplacement in the 
Sierra Nevada magmatic arc, which would have overprinted older metamorphic rims that 
are mostly absent from zircons older than the Late Cretaceous. It is interesting to note that 
there is no time gap between the drop-off of Th/U ratios >0.1, and the maximum density of 
Th/U ratios <0.1, but rather they appear to occur simultaneously, suggesting the drop-off of 
Th/U ratios >0.1 at 68–70 Ma represents not just the maximum depositional age, but the 
age of subduction of the Orocopia Schist as well (Figure 52). This is not surprising given the 
very high subduction rates of up to 120 km/Myr active during the early Paleogene 
(Engebretson et al., 1985; Stock and Molnar, 1988; Doubrovine and Tarduno, 2008), which 
would result in rapid initiation of metamorphism following subduction. The Th/U ratios 
and Ce concentration of sample 1016-P145 suggest it was subducted ~75 Ma (Figure 62), 
implying the Orocopia Schist may have been subducted over a protracted period of time as 
slivers that were accreted beneath the crust. The range of post-~70 Ma zircon ages with 
Th/U ratios <0.1 suggests that subduction-related metamorphism continued to at least 50 






Figure 62: Th/U ratios (left axis) and ppm Ce (right axis) vs. age for sample 1016-P145 of Orocopia 
Schist. Note logarithmic Y-axes. A sharp drop-off for both the Th/U ratios and ppm Ce occurs at ~75 Ma. 
 
11.2. Implications for emplacement of the Orocopia Schist 
In the northern Plomosa Mountains, the paleo-depth of the Orocopia Schist prior to 
initiation of the early Miocene Plomosa detachment fault was determined to be 3–4 km 
(Figure 38, projection B), and the structurally deepest (northernmost) exposed portion of 
the Orocopia Schist had a paleo-depth of 9–12 km. The exposed portion of the Orocopia 
Schist has a structural thickness of ~1.8 km (Figure 38, projection C), but a minimum 
structural thickness as projected in cross-section is ~2.7 km (Figure 38, projection D).  
As discussed, an originally moderately NE-dipping pre-Miocene mylonitic shear 




shallowly NE-dipping Miocene shear zone (shear zone II, Figure 59) comprised of the 
Orocopia Schist and unit Nic. Both shear zones record top-to-the-NE shear, indicating they 
accommodated normal displacement in their originally NE-dipping orientations. The 
Orocopia Schist was exhumed to a depth of 3–4 km prior to Miocene exhumation, and the 
pre-Miocene shear zone of the corrugated gneiss is a likely structure to have 
accommodated this exhumation.  
The isolated location of the Plomosa Mountains metamorphic core complex relative 
to other core complexes in the region, and the presence of Orocopia Schist at the Plomosa 
Mountains which is not documented in other core complexes, suggests that the Orocopia 
Schist may be linked to the development of the Plomosa Mountains core complex. The 
rheological contrast between the Orocopia Schist and surround gneiss would potentially 
localize strain near their contact, and it may have been favorable for the Plomosa 
detachment fault to initiate above the rheologically weak Orocopia Schist that extended 
from a paleo-depth of 3–4 km to at least 10–12 km. However, exhumation of the Orocopia 
Schist to a within 3–4 km of the surface prior to early Miocene detachment faulting is a 
greater puzzle. The northern Plomosa Mountains is located within the Maria fold-and-
thrust belt (Figure 7), an area presumed to have formed a crustal welt as thick as 50 km in 
the Cretaceous (Spencer and Reynolds, 1990), prior to subduction of the Orocopia Schist at 
68–70 Ma. If subducted below the crustal welt, the Orocopia Schist at the northern Plomosa 
Mountains would have needed to be exhumed ~45 km through the crust sometime in the 
Paleogene. However, there is no evidence that the Orocopia metabasalt (unit KPGam) 
underwent eclogite-facies metamorphism, which would be expected if subducted below 50 




below a 50 km crustal welt. Explanations for why the Orocopia Schist was not subducted to 
depths >50 km include 1) the Maria fold-and-thrust belt was never 50 km thick, 2) the 
bottom of the 50 km-thick crustal welt of the Maria fold-and-thrust belt was sheared off by 
the shallowly-subducting Farallon slab, or 3) the Orocopia Schist relaminated from the top 
of the Farallon slab (Chapman et al., 2013; Chapman 2016), and was extruded into the 
middle crust before reaching the crustal welt. Even if the Orocopia Schist was only 20–30 
km depth after subduction, significant Paleogene exhumation of the Orocopia Schist would 
have been necessary for the Orocopia Schist to have reached 3–4 km depth prior to the 
Miocene. 
As just described, the 3–4 km early Miocene paleo-depth of the Orocopia Schist in 
the northern Plomosa Mountains necessitates a period of Paleogene exhumation, which is 
documented to have occurred in other locations of POR schists and metamorphic core 
complexes in the region. Detailed thermochronologic studies of Orocopia Schist at the 
Gavilan Hills (Picacho area in Figure 7) and Orocopia Mountains revealed a Paleogene 
period of rapid cooling between ~52–43 Ma (Jacobson et al., 2002, 2007), consistent with 
movement on the Paleogene Chocolate Mountains fault of the Chocolate Mountains 
anticlinorium, SW of the Plomosa Mountains (Figure 7) (Haxel et al., 2002). Also, Latest 
Cretaceous to Early Paleogene NE-SW extension is suggested to have occurred in the 
nearby Dome Rock Mountains, Harcuvar Mountains, and Buckskin-Rawhide Mountains 
(Boettcher and Mosher, 1989; Wong et al., 2013; Singleton and Wong, 2016). The pre-
Miocene shear zone recorded by the corrugated gneiss likely accommodated Paleogene 
exhumation of the Orocopia Schist in the northern Plomosa Mountains. Because the 




Miocene shear zones (Figure 59), it is possible that the specific Miocene extension direction 
of the Plomosa Mountains metamorphic core complex was influenced by pre-existing NE–
SW lineated fabric.  
Paleogene extension following subduction of the Orocopia Schist could have been 
triggered by rheological weakening of the crust from: 1) hydration associated with shallow 
subduction, and/or 2) from emplacement of rheologically weak schist in the lower crust, 
leading to gravitational collapse of the overthickened crust. Therefore, the Orocopia Schist 
not only seems to control the location of the northern Plomosa Mountains metamorphic 
core complex, but regionally may also have been responsible for latest Cretaceous to 
Paleogene extension documented in the area. 
Documentation of Orocopia Schist at the northern Plomosa Mountains provides 
additional constraint on the geometry and extent of the subducted POR schists. It has been 
debated whether the POR schists form a continuous layer sandwiched between the 
subducting plate and overlying crust, or whether the linear exposure along the Chocolate 
Mountains anticlinorium implies that the Orocopia Schist is continuous in the subsurface 
only along strike, and not parallel to the direction of subduction (Haxel et al., 2002). The 
location of Orocopia Schist at both Cemetery Ridge and the northern Plomosa Mountains 
confirm that the Orocopia Schist was transported far inland, and it is likely that a 
continuous layer extends from these locations to the Chocolate Mountains anticlinorium 
(Figure 7). 
11.3. Xenocrystic zircons: Melting of Orocopia Schist? 
Xenocrystic zircons in the leucocratic intrusions of the Miocene intrusive complex 




Schist (Figure 52), and two intrusive samples [0217-P43 and 0217-P47] have entirely 
xenocrystic zircons, one of which [0127-P43] was collected to represent the core of the 
intrusive complex. These two samples with entirely xenocrystic zircons suggest that 
melting or assimilation of Orocopia Schist at a deeper structural level was the source of 
these leucocratic intrusions. However, an age distribution that mimics that of the Orocopia 
Schist could also be produced from melting and assimilation the continental crust, directly 
assimilating zircons from the same sources that had eroded and shed their zircons into the 
oceanic trench. Zircon textures may discriminate zircons inherited from sedimentary rock 
versus zircons inherited directly from continental crust, as a detrital zircon should appear 
rounded, while zircons inherited directly from melted or assimilated plutonic rocks should 
have euhedral and/or unrounded textures.  
Many xenocrystic zircons from the intrusion 0217-P47 are rounded, consistent with 
derivation from sediment, whereas sample 0217-P43 has dominantly euhedral and 
unrounded zircons (Appendix 10). Sample 0217-P43 also has a very unique population of 
zircons, with a Jurassic peak at ~155 Ma, and a lack of Triassic and Proterozoic zircons 
(Figure 55). The euhedral, unrounded zircons of this sample and the Jurassic peak suggest 
that sample 0217-P43 may have formed from the melting or assimilation of a Jurassic to 
early Cretaceous plutonic suite comprised of intrusions with ages ranging from ~180–130 
Ma, which is the distribution of ages defining the 155 Ma peak (Figure 55). If the protolith 
for sample 0217-P43 is indeed plutonic rocks which were intruded into the crust in the 
Jurassic and Early Cretaceous, then the thick metamorphic rims with low Th/U ratios 
(<0.1) do not record metamorphism from subduction of this unit, but likely still record 




metamorphic rims for sample 0217-P43 (~10x as thick as that of the Orocopia Schist) 
further argues for having undergone metamorphic conditions unique to the subducting 
Orocopia Schist. If the protolith of sample 0217-P43 occupied the lower crust above the 
subducting plate, then dehydration of trench sediments as they were subducted would be 
expected to result in metamorphism of the overlying protolith of sample 0217-P43. If the 
subduction geometry remained stable for a protracted period of time, this would result in a 
conveyor-belt style configuration where hydrated schist would be continually subducted 
and undergo dehydration, leading to protracted metamorphism of the overlying crust 
(Figure 63), which could have produced the unusually thick metamorphic rims of sample 
0217-P43 (Figure 57). Alternatively, this intrusion could have assimilated Orocopia Schist 
that was derived exclusively from Jurassic to Early Cretaceous sediments, and that was at a 
deeper structural level, therefore producing thicker metamorphic rims. 
Several characteristics of sample 0217-P47 and its zircons indicate it is likely the 
product of melting or assimilation of Orocopia Schist. 1) Many zircons in this sample are 
rounded, suggesting they are detrital. 2) The metamorphic rims of the zircons are thin like 
those of the Orocopia Schist, and its zircon age distribution matches the Orocopia Schist 
very well; it has three Proterozoic peaks, and several peaks through the Triassic to the 
Cretaceous (Figure 55). 3) It is petrographically very similar to the Orocopia Schist, as this 
sample was collected from an area where intrusions were very hard to distinguish from 
Orocopia Schist (e.g. Figure 24 E & F). No evidence was observed to suggest that the 
Orocopia Schist within the map area had melted or partially melted, as there was no 
evidence for migmatization of the Orocopia Schist. I suggest instead that structurally 




crust, which then intruded into the footwall of the Plomosa detachment fault. This 
interpretation is supported by leucocratic intrusions which locally have magmatic garnet 




Figure 63: Th/U ratio vs zircon U-Pb age for sample 0217-P43. Note logarithmic scaling of Y-axis. 





12. Post-detachment Faulting and Barite Mineralization 
12.1. Barite mineralization 
According to Duncan (1990), barite in the hanging wall of the Plomosa detachment 
precipitated into NW-striking brittle features during NE-SW detachment-related extension, 
and has different sulfur isotope values than barite in the footwall (orientations were not 
reported), suggesting two different sources. I have noted a wide-spread episode of barite 
mineralization that postdates structures related to NE-SW core complex extension, and 
thus is a barite mineralization event that post-dates the detachment-related barite 
documented by Duncan (1990). I suggest the barite veins Duncan (1990) had sampled in 
the footwall of the Plomosa detachment fault are the NE-striking veins documented in this 
thesis, and that his conclusion of a differing source of barite applies to the barite veins in 
this study. Additionally, based on fluid inclusions within barite veins in the Bouse Hills 
immediately to the NE of the map area, roughly two populations of barite mineralization 
were identified: a higher-temperature population that formed between 200–300 °C, and a 
lower-temperature population that formed between ~125–150 °C (Figure 64) (Spencer 
and Reynolds, 1990b). Unfortunately, the orientations of the barite veins were not 
reported, but I speculate that the high-temperature barite precipitated during detachment 
faulting into NW-SE-striking faults and veins, and that the low-temperature barite may be 






Figure 64: Temperature vs. wt. % equiv. NaCl determined by fluid inclusion analysis for barite (black 
diamonds) from the Bouse Hills immediately NE of the map area. The tight cluster of data points for 
barite in the lower-right corner likely represents temperatures for the barite veins documented in the 
northern Plomosa Mountains. From Spencer and Reynolds, 1990b. 
 
12.2. Causes for post-detachment faulting and veining 
The average extension axis of post-detachment faulting is T/P [113, 01], nearly 
parallel to the average opening direction of barite veins (120/300) and carbonate veins 
(108/288), indicating a period of post-detachment extension oriented WNW-ESE (Figure 
49). A zone of NW-striking post-detachment dextral faults occurs throughout the core 
complex belt NE of the northern Plomosa Mountains, which is attributed to the 
superposition of the San Andreas fault system onto the Basin and Range Province in SW 




displacement decreases from the NW to the SE, with ~7–8 km of dextral displacement 
having occurred across the Buckskin-Rawhide Mountains, and ~2–4 km of dextral 
displacement having occurred across the Harquahala Mountains (Singleton, 2015; 
Singleton et al., 2016). Dextral faulting along NW-striking faults has also been documented 
in the southern Plomosa Mountains, which has accommodated at least 6 km of total dextral 
displacement (Miller, 1970; Miller and Mckee, 1971).  
Both north and south of the northern Plomosa Mountains, dextral faulting along 
NW-striking faults is the most recent deformation event of significance to have been 
documented. However, dextral faulting along NW-striking faults was not documented in 
the northern Plomosa Mountains. Rather, the most recent deformation event in the 
northern Plomosa Mountains is the WNW-ESE-directed extension accommodated by N-
striking dextral-normal faults, NE-striking sinistral-normal faults, and NNE- to NE-striking 
barite and carbonate veins. Dextral faulting north and south of the northern Plomosa 
Mountains and WNW-ESE-directed extension within the northern Plomosa Mountains are 
compatible with transtension, with the northern Plomosa Mountains occupying a 
transtensional step between the two zones of dextral faulting (Figure 65). While a 
clockwise shift in extension direction from NE-SW to ENE-WSW and E-W occurred in the 
Buckskin-Rawhide Mountains (Singleton, 2015), there is no evidence that the northern 
Plomosa Mountains underwent a change in extension direction during detachment-related 
extension, suggesting that the distributed dextral-shear system was not superimposed onto 
the northern Plomosa Mountains during core complex development. Thus, it is inferred 
that extension in the northern Plomosa Mountains had ceased as extension in the core 




tectonically stable until WNW-ESE extension initiated from the influence of the San 
Andreas fault system onto the region. Low-temperature thermochronology of the northern 
Plomosa Mountains supports an early cessation of extension (15–14 Ma; Foster and 
Spencer, 1992) relative to the Buckskin Mountains to the NE (12–11 Ma, Singleton et al., 
2014). 
Along a WNW-ESE trend, The NE-striking post-detachment fault accommodated 
~140 m of apparent displacement, and the N-striking post-detachment fault 
accommodated ~180 m of apparent displacement, totaling ~320 m of total apparent 
WNW-ESE extension. Barite veins typically are 1–4 cm wide, and are typically spaced tens 
of meters apart. Carbonate veins are commonly 0.3–1 m wide, but are spaced at even 
greater distances, perhaps hundreds of meters apart. Because the apparent displacement of 
the faults yields a minimum value for extension, and extension along barite veins and 
carbonate veins is small, the total WNW-ESE extension in the northern Plomosa Mountains 







Figure 65: Schematic illustration of the orientations of faults and veins resulting from transtension at the 
northern Plomosa Mountains (centered) between two dextral fault zones, creating N-striking dextral 
faults, NE-striking sinistral faults, and NNE-striking veins (blue line in center). White arrows indicate the 









Based on 1:10,000-scale geologic mapping, structural and microstructural analysis, 
and U-Pb zircon geochronology, this study has documented the Orocopia Schist and a 
newly identified Miocene intrusive complex in the footwall of the Plomosa detachment 
fault, and has demonstrated that the northern Plomosa Mountains is a metamorphic core 
complex with Miocene mylonitic fabrics.  
Mylonitic fabrics are pervasive throughout the mapping area, and the mylonitic 
lineations are very consistent with an average T/P of [220, 09]. Synmylonitic early Miocene 
intrusions demonstrate that the footwall of the Plomosa detachment fault records 
penetrative mid-crustal strain coeval with detachment fault slip. Normal faults throughout 
the footwall of the Plomosa detachment fault have an average extension axis of T/P [220, 
03], the same trend as the mylonitic lineations, which indicates there was no change in the 
extension direction between the ductile and brittle regimes.  
The Plomosa detachment fault is corrugated with an average NE dip of ~12°, and is 
discordant to the majority of subhorizontal to SW-dipping mylonitic foliations in its 
footwall. Based on this discordance, and the geometric differences between the mylonitic 
foliations of the Orocopia Schist, Miocene intrusive complex, and the gneiss, three distinct 
mylonitic shear zones were identified: I) A pre-Miocene originally moderately NE-dipping 
(~50°) normal-displacement shear zone that deformed the corrugated gneiss. A pre-
Miocene age is inferred based on high-temperature deformation fabrics in the gneiss 
located at a pre-detachment paleo-depth of ~3 km – too cold for Miocene mylonitization. 




deformed the Orocopia Schist and Miocene intrusive complex, and locally the gneiss at the 
boundary with the Orocopia Schist. This shear zone likely initiated during 23–22 Ma 
emplacement of the footwall granitoids, approximately coeval with or shortly before 
capture by the Plomosa detachment fault. III) A detachment-subparallel shear zone that is 
the result of mylonitization along the Plomosa detachment fault, which is capped by 
brecciated and intensely chloritized rock, recording a transition from ductile to brittle 
deformation. The subparallel shear zone is not continuous along the Plomosa detachment 
fault, and was likely incised into the hanging wall at its northern end. 
The Orocopia Schist of the northern Plomosa Mountains contains five of the 
hallmarks of the Orocopia Schist described elsewhere: 1) the quartzofeldspathic nature of 
the schist, 2) poikiloblastic graphitic plagioclase throughout the schist, 3) layers of 
amphibolite interlayered with the schist, interpreted as metabasalt, 4) layers of metachert 
common throughout the metabasalt, and 5) pods of coarse-grained green actinolite 
scattered throughout the schist, which are rich in Mg, Ni, and Cr, and are likely derived 
from an ultramafic protolith. The zircon U-Pb age distribution for the Orocopia Schist at the 
northern Plomosa Mountains matches the age distribution of other localities of Orocopia 
Schist, which is the most compelling evidence they are the same. Th/U ratios vs age 
(derived from U-Pb zircon geochronology) for samples of Orocopia Schist reveal a sudden 
drop-off at 68–70 Ma of Th/U ratios >0.1 to Th/U ratios <0.1, which demarcates the 
maximum depositional age of the Orocopia Schist. Th/U ratios of <0.1 between ~75–50 Ma 
are interpreted to record subduction-related metamorphism of the Orocopia Schist, which 
is supported by Th/U ratios of <0.1 for thin metamorphic rims imaged using 




that are identical to the Orocopia Schist, suggesting the Orocopia Schist was melted or 
assimilated during Miocene plutonism. The top of the Orocopia Schist was 3–4 km below 
the surface at the initiation of the Plomosa detachment fault in the early Miocene, and 
therefore must have been exhumed from lower-crustal depths in the Paleogene after it was 
subducted. Paleogene exhumation of the Orocopia Schist may have occurred along the pre-
Miocene moderately NE-dipping normal-displacement shear zone that deformed the 
corrugated gneiss. 
Post-detachment WNW-ESE extension was accommodated by ~N-striking dextral 
faults, ~NE-striking sinistral faults, and NNE- to NE-striking barite and carbonate veins. 
This deformation may have occurred in the Pliocene or early Pleistocene, as a prominent 
NE-striking fault offsets a young, weakly- to moderately-consolidated sedimentary breccia, 
similar in appearance to older alluvium/colluvium. The WNW-ESE period of extension is 
attributed to transtension, with the northern Plomosa Mountains occupying a 
transtensional step between post-detachment dextral strike-slip zones documented to the 
north and south.  
The documentation of Orocopia Schist in the northern Plomosa Mountains provides 
important insight for the spatial and temporal emplacement of the Orocopia Schist in SW 
Arizona and SE California. As a result of this study, it can be concluded that the Orocopia 
Schist likely forms a continuous layer extending from the Chocolate Mountains 
anticlinorium northeast to the northern Plomosa Mountains and Cemetery Ridge (located 
~70 km SE of the northern Plomosa Mountains), providing compelling evidence that the 
subducted Orocopia Schist was emplaced above a shallow Farallon slab. The pre-




Mountains necessitates a Paleogene exhumation event, supporting major Paleogene 
exhumation documented by thermochronological studies of Orocopia Schist at other 
localities, as well as studies of nearby core complexes. Mylonitic lineations recorded during 
Paleogene exhumation have a near-identical trend as lineations recorded during Miocene 
exhumation, as is documented in studies of Paleogene exhumation in nearby core 
complexes. Furthermore, the association of Orocopia Schist with Paleogene exhumation, as 
concluded by this study, suggests that the subduction of rheologically weak schist beneath 
previously thickened crust may have been the trigger for major Paleogene exhumation in 
SW Arizona.  
The documentation of magmatism as shortly preceding or coeval with inception of 
the Plomosa detachment fault supports findings in nearby core complexes, and bolsters the 
idea that core complexes are inherently tied to magmatism. The isolated position of the 
northern Plomosa Mountains metamorphic core complex with respect to main core 
complex belt in the region may be due to the presence of the Orocopia Schist, which has not 
been documented in other core complexes. The major structural boundary between the 
Orocopia Schist and the gneiss may have provided a pathway for Miocene intrusions, 
leading to thermal weakening of the crust, and combined with the low rheological strength 
of the schist, provided the ideal conditions for the development of the shallowly NE-dipping 
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Appendix 6: Zircon U-Pb weighted mean and tuff-zircon ages for 
igneous intrusions 
 
   
   































P80b_1 27.8 86 13 28.3 1.2 1860 260 0.91 
P80b_2 16.7 24.2 1.2 22.96 0.53 130 100 23.7 
P80b_3 17.1 25.1 4.7 22.8 1.3 150 330 0.61 
P80b_4 6.7 26.5 2 23.69 0.74 290 140 6.75 
P80b_5 28.8 23.1 3.1 21.5 1 140 240 1.95 
P80b_6 3.7 24.2 1.3 24.2 1.3 110 130 4.06 
P80b_7 13.1 23.83 0.9 22.71 0.53 144 68 41.5 
P80b_8 21.2 21.6 3 21.81 0.98 -50 220 8.6 
P80b_9 7.4 22 1.2 22.56 0.65 60 120 6.14 
P80b_10 13.2 22.3 1.7 24.1 1.4 20 150 8.5 
P80b_11 3.9 26 2 23.7 1.2 270 190 21.5 
P80b_12 8.8 24 1.6 23.52 0.87 100 100 10.6 
P80b_13 24.8 22.95 0.86 22.45 0.39 60 75 3.34 
P80b_14 6.5 31 6.1 24.7 2.1 520 420 2.05 
P80b_15 15.8 21 3 22.4 1.2 -50 250 13.4 
P80b_16 9 57 16 27.7 3.3 1110 580 2.51 
P80b_17 16.4 22.9 1 22.46 0.65 144 99 13.7 
P80b_18 24.9 22.8 2.5 21.36 0.9 120 200 1.55 
P80b_19 23.9 21.7 4.1 22.9 1.5 -260 280 1.76 
P80b_20 5.2 24.2 1.3 22.73 0.92 270 100 15.3 
P80b_21 28.7 1066 91 928 89 1604 24 13.3 
P80b_22 16.5 22.5 2.7 22.5 1.1 -60 190 4.6 
P80b_23 28.7 1202 38 1101 47 1407 30 10.5 


















P81a_1 11.4 22.7 6.2 23.2 2.1 -70 410 0.591 
P81a_2 6.2 23.9 2.8 24.39 0.98 -10 200 9.3 
P81a_3 11.9 44 12 25.4 3.8 -1800 4800 1.44 
P81a_4 4.5 23.5 6.2 23.9 2.2 40 470 2.89 
P81a_5 19.4 26.2 5.4 23.1 1.5 50 340 0.648 
P81a_6 15.2 21.4 2.2 22.02 0.96 90 210 0.835 
P81a_7 5.5 24.5 2.8 23.38 0.99 230 250 0.95 
P81a_8 3.2 34.8 5.8 23.5 2.1 880 310 35 
P81a_9 9.5 79 17 24.8 1.5 2160 330 6.7 





P81a_11 28.8 23.3 2.6 23.1 0.87 50 200 4.47 
P81a_12 14.2 22.82 0.95 22.37 0.54 114 82 20.53 
P81a_13 4.1 23.5 2.4 22.2 2.4 260 190 53.3 
P81a_14 13 22.4 1.1 22.37 0.68 80 87 22.9 
P81a_15 20.6 700 110 573 89 1090 150 11 
P81a_16 28.8 168.7 4.5 170 2.8 148 60 0.926 
P81a_17 7.3 324 18 215 11 1310 71 15.5 
P81a_18 4.6 22.8 2.3 23.34 0.94 40 180 14.5 
P81a_19 15 111.6 5 117.1 2.8 10 100 1.797 
P81a_20 18.2 1495 12 1423 17 1599 26 2.56 


















X0217_P16_1 36.7 19.2 3 20.74 0.76 -170 230 0.745 
X0217_P16_2 36.7 20.4 1.8 20.38 0.52 30 150 0.548 
X0217_P16_3 36.7 21.2 2 20.48 0.57 50 160 0.887 
X0217_P16_4 36.7 21.9 2.6 20.11 0.59 60 180 0.817 
X0217_P16_5 36.7 24.6 2.6 20.68 0.62 250 190 0.539 
X0217_P16_6 36.7 23.2 2.2 20.94 0.63 160 170 0.62 
X0217_P16_7 36.7 21.1 2.5 19.33 0.69 90 200 0.542 
X0217_P16_8 36.7 20.2 1.6 19.95 0.44 40 140 0.553 
X0217_P16_9 36.7 20.7 2.9 20.1 0.71 -60 230 0.613 
X0217_P16_10 37.5 34.7 2.9 22.88 0.65 680 170 1.41 
X0217_P16_11 36.7 23.8 2.6 22.71 0.72 50 180 1.273 
X0217_P16_12 36.7 21.7 1.8 20.04 0.45 110 150 0.509 
X0217_P16_13 36.7 16.3 4.6 21.3 1 -620 330 1.38 
X0217_P16_14 36.7 20.2 1.6 20.75 0.55 0 150 0.51 
X0217_P16_15 36.7 19.8 1.7 20.59 0.5 -50 150 0.541 
X0217_P16_16 36.7 21.4 2 20.07 0.54 70 160 0.438 
X0217_P16_17 27.2 35 3.6 20.02 0.74 920 230 0.661 
X0217_P16_18 35.1 17.1 2.7 20.25 0.76 -310 230 0.67 
X0217_P16_19 22.5 20.4 2.5 20.06 0.78 30 210 0.584 
X0217_P16_20 36.7 21.2 1.6 20.25 0.45 100 140 0.432 
X0217_P16_21 36.7 19.7 2.8 20.65 0.81 -90 220 0.463 
X0217_P16_22 36.7 20.6 2 20.95 0.52 -30 160 0.646 
X0217_P16_23 36.7 20.3 3 20.62 0.85 -50 240 1.246 
X0217_P16_24 36.7 25.2 3.5 21.52 0.8 80 230 0.732 
X0217_P16_25 36.7 20.6 2.2 20.27 0.6 40 180 0.626 





X0217_P16_27 36.7 19.5 3.2 20.54 0.78 -100 240 0.687 
X0217_P16_28 36.7 20.1 2.2 21.13 0.7 -60 180 0.76 
X0217_P16_29 18.2 211 25 32 1.9 3380 190 0.547 
X0217_P16_30 26.1 89.2 7.6 24.79 0.9 2430 160 1.32 
X0217_P16_31 36.7 29.6 3.2 20.4 0.66 560 200 0.813 
X0217_P16_32 36.7 21.8 2.7 20.4 0.67 20 210 1.009 
X0217_P16_33 36.7 20.3 2.3 20.39 0.56 -30 180 0.555 
X0217_P16_34 36.7 20.2 1.8 20.97 0.61 -30 150 0.514 
X0217_P16_35 36.7 21.4 1.9 21.09 0.53 20 150 0.436 
X0217_P16_36 36.7 29 2.1 20.94 0.47 590 150 0.81 


















X0316_P71x_1 36.7 25.2 1.6 23.17 0.48 210 120 1.574 
X0316_P71x_2 19.2 1323 12 1269 14 1400 26 1.101 
X0316_P71x_3 4.4 31.2 3.9 25.3 1.1 440 260 38.1 
X0316_P71x_4 28.1 104 4.7 97.5 1.5 224 93 2.209 
X0316_P71x_5 2.6 26 11 24.6 3.4 70 720 1.88 
X0316_P71x_6 22.3 1416 20 1296 19 1581 35 46.1 
X0316_P71x_7 6.1 23.9 3.7 22.2 1.2 110 270 4.63 
X0316_P71x_8 21 1289 21 1176 25 1468 41 0.888 
X0316_P71x_9 3 33 14 20.6 2.3 580 740 1.49 
X0316_P71x_10 29.1 132.3 3.9 127.4 2.8 202 53 1.761 
X0316_P71x_11 28.2 1752 9.7 1737 14 1750 15 1.464 
X0316_P71x_12 36.7 26 1.5 23.18 0.48 230 110 2.42 
X0316_P71x_13 19 1334 15 1305 18 1368 35 1.16 
X0316_P71x_14 18.8 373.3 9.1 366.7 4.2 378 64 5.03 
X0316_P71x_15 21.6 90 10 71.4 3.7 500 180 37.5 
X0316_P71x_16 12.9 24 12 20.9 2.2 -1200 1200 1.55 
X0316_P71x_17 20.2 1379 15 1343 15 1418 37 0.729 
X0316_P71x_18 18.4 27 3.3 22.03 0.92 300 240 1.076 
X0316_P71x_19 9.5 293.9 7 199.9 4.2 1111 37 5.2 
X0316_P71x_20 9.1 67 18 24.9 1.9 1480 430 0.945 
X0316_P71x_21 36.3 30.2 1.9 23.38 0.55 510 130 1.135 
X0316_P71x_22 33.3 25.4 1.6 20.64 0.41 410 120 1.839 
X0316_P71x_23 36.7 21.4 4.2 22.23 0.9 -280 270 0.7739 
X0316_P71x_24 5.4 26.4 2.6 23.6 1.2 270 230 6.55 
X0316_P71x_25 22.1 115 13 76 3.1 800 250 0.985 





X0316_P71x_27 25 21.2 2.3 22.75 0.74 -70 180 3.81 
X0316_P71x_28 3.1 33.5 9.2 36.5 4.2 -130 470 4.43 
X0316_P71x_29 27.1 160.9 5.7 170.9 3.3 53 72 3.23 
X0316_P71x_30 6.6 24.7 4.7 23.3 1.6 90 330 1.09 
X0316_P71x_31 18.7 1380 12 1356 16 1425 25 1.09 
X0316_P71x_32 32.4 33.7 5.8 22.5 1.1 360 340 2.39 
X0316_P71x_33 15.4 48 5 24.9 1.3 1250 240 4.28 
X0316_P71x_34 11 251 10 235.6 5.5 410 100 1.817 
X0316_P71x_35 5.7 482 34 55.2 3.6 4280 130 0.746 
X0316_P71x_36 26.7 1798 31 1428 24 2258 43 0.893 
X0316_P71x_37 6.5 57.5 6.8 55.8 5.3 150 200 5.67 
X0316_P71x_38 25.1 158.1 6.9 162 2.9 114 96 0.754 
X0316_P71x_39 17.8 1457 26 1110 19 2015 44 4.56 
X0316_P71x_40 15.3 25.6 4.9 25.8 1.8 -50 310 1.59 
X0316_P71x_41 13.4 1270 17 1222 18 1371 35 0.953 
X0316_P71x_42 21.2 1293 13 1235 14 1401 30 1.185 
X0316_P71x_43 22.5 1363 11 1341 14 1409 23 4.17 
X0316_P71x_44 37.8 27.1 3.5 22.68 0.84 160 220 1.283 
X0316_P71x_45 6.3 23.4 3.7 20.8 1.2 330 320 20.9 
X0316_P71x_46 22.3 103.2 3.3 100.7 2.2 199 68 2.67 
X0316_P71x_47 3.2 28.2 9.8 26.4 2.8 90 560 1.26 
X0316_P71x_48 19.1 807 21 689 19 1164 41 1.413 
X0316_P71x_49 10.6 26.9 4.7 22.1 1.4 300 350 2.32 
X0316_P71x_50 13.7 1156 26 1166 20 1140 75 2.16 
X0316_P71x_51 36.7 1387 10 1371 12 1417 25 0.807 
X0316_P71x_52 37.8 69.3 3.5 66 2 169 71 2.8 
X0316_P71x_53 9 23.4 2.5 22.18 0.72 80 170 3.81 
X0316_P71x_54 21.4 1337 14 1341 17 1341 34 0.973 


















X0217_P43_1 37.7 155.2 3.1 151 1.9 209 43 1.175 
X0217_P43_2 37.7 97.6 5.1 94.1 2.3 190 100 7.48 
X0217_P43_3 37.7 163 4.4 163 2.3 160 60 0.39 
X0217_P43_4 37.7 71 3.9 67.6 1.4 180 110 13.63 
X0217_P43_5 34.3 162.3 3.6 150.1 2 329 47 0.475 
X0217_P43_6 35.9 59.4 2.3 55.41 0.91 214 83 13.89 
X0217_P43_7 35.7 168.9 4.5 154.9 1.5 356 57 0.991 





X0217_P43_9 37.7 69.4 3.5 67 1.2 145 99 13.06 
X0217_P43_10 37.7 66.9 3.3 67.8 1.1 57 93 5.46 
X0217_P43_11 37.7 160.4 6.2 159.7 2.6 172 82 0.63 
X0217_P43_12 37.7 168.8 5.4 164.8 2.2 221 70 0.817 
X0217_P43_13 37.7 70.2 2.7 67.98 0.97 145 77 24.4 
X0217_P43_14 37.7 162.7 6.5 157 2.8 238 86 0.716 
X0217_P43_15 37.5 69 6.8 63.3 2 190 180 -2.2 
X0217_P43_16 37.7 98.2 3.6 97.4 2.4 118 63 4.26 
X0217_P43_17 37.7 139.2 3.4 135.6 2 209 53 0.713 
X0217_P43_18 37.7 64.9 3.9 62.6 1.3 130 110 18.2 
X0217_P43_19 33 141.5 4.1 127.7 1.9 355 55 1.112 
X0217_P43_20 37.7 80.1 4.9 67.6 1.3 370 130 13.83 
X0217_P43_21 37.7 149.4 3 146.7 1.8 195 47 0.801 
X0217_P43_22 32.6 38.2 3.1 30.68 0.79 370 150 30.2 
X0217_P43_23 37.7 68.9 2.3 68.44 0.97 110 71 9.56 
X0217_P43_24 37.7 111.7 2.8 96.3 1.3 419 54 0.543 
X0217_P43_25 37.7 167.2 4.9 165.8 2.5 197 66 1.193 
X0217_P43_26 37.7 77.7 3.2 78.3 1.8 82 76 36.4 
X0217_P43_27 37.7 165.8 4.8 161.2 2.3 215 66 0.58 
X0217_P43_28 37.7 73.4 4.5 66.3 1.4 280 130 15.8 
X0217_P43_29 37.7 160.4 2.1 158.4 1.6 187 30 19.56 
X0217_P43_30 37.7 72 3.3 70.1 1.2 147 91 -1 
X0217_P43_31 37.7 70.5 4.2 66.9 1.4 170 120 17.6 
X0217_P43_32 37.7 171.9 3.8 165.3 2.4 256 48 2.95 
X0217_P43_33 11.5 74.6 7.6 69.6 2.5 230 200 20.7 
X0217_P43_34 20.4 141.9 3.6 138.2 1.9 207 60 0.787 
X0217_P43_35 31 155.3 3.4 157.2 2.3 138 47 0.3836 
X0217_P43_36 8.8 154.4 7.2 144.1 3.1 305 99 0.586 
X0217_P43_37 25.3 184.7 5.7 185.3 2.6 169 66 0.3546 
X0217_P43_38 38.3 144.6 7.2 103.6 1.7 756 97 5.32 
X0217_P43_39 29.9 178 6.9 119.9 2.2 971 91 0.446 
X0217_P43_40 37.7 73.4 4 65 1.2 330 120 12.08 
X0217_P43_41 37.7 73.2 3.6 70.6 1.2 160 98 19.33 
X0217_P43_42 37.7 144.4 4.3 142 2.2 188 62 4.1 
X0217_P43_43 37.7 66.6 3 63.6 1 169 91 26.2 
X0217_P43_44 37.7 165.9 5.8 165.7 2.7 170 74 2.438 
X0217_P43_45 37.7 150.9 3.8 148.2 1.7 187 55 0.567 
X0217_P43_46 37.7 1618.2 8.9 1550 14 1708 19 1.484 





X0217_P43_48 36.3 83.7 3.9 73.1 1.2 334 95 21.8 
X0217_P43_49 37.7 164.6 2.2 162.7 1.6 200 33 0.3636 
X0217_P43_50 20.8 115.3 6.4 113.5 2.5 160 120 3.67 
X0217_P43_51 18.4 104.1 5 98.8 2.2 218 93 10.38 
X0217_P43_52 37.7 148.7 3.9 145.5 2.5 207 56 2.964 
X0217_P43_53 36.6 153.8 3.9 156.1 2.2 132 53 2.26 
X0217_P43_54 37.7 159.8 3.9 147.2 2 343 60 4.28 
X0217_P43_55 37.7 70.4 2.7 69.9 1.1 107 75 38.1 
X0217_P43_56 37.7 166 11 163.7 3.8 180 130 0.99 
X0217_P43_57 37.7 140.4 2.8 141.9 1.9 133 43 9.33 
X0217_P43_58 21.9 136.8 4.7 137.8 3.2 152 78 4.57 
X0217_P43_59 36.1 69.5 6 68.4 1.9 90 160 15.4 
X0217_P43_60 37.7 74.5 3.1 72.8 1.3 133 79 19.5 
X0217_P43_61 27 73.7 2.6 74.4 1.4 81 72 56 
X0217_P43_62 37.7 67.9 2.6 68.2 1.2 64 67 6.07 
X0217_P43_63 37.7 157.9 4.3 155.6 2.1 209 60 0.707 
X0217_P43_64 37.7 67.6 2.4 67.7 1.7 108 73 5.99 
X0217_P43_65 19.2 165.4 8.1 158.9 4.3 260 110 0.655 
X0217_P43_66 37.7 62.1 4.9 61.2 1.4 100 150 7.9 
X0217_P43_1 17.1 71.3 4.1 66.1 1.9 250 110 26.8 
X0217_P43_2 17.5 84.6 4.8 74.2 2.2 360 110 16.9 
X0217_P43_3 22.5 90.9 4.4 96.7 2.2 5 90 4.41 
X0217_P43_4 14.5 179.7 7.8 142.6 4.4 697 90 0.763 
X0217_P43_5 3.6 87 18 71.4 4.8 390 350 23.3 
X0217_P43_6 17.8 154.6 6.9 154.4 3.7 162 82 0.717 
X0217_P43_7 27.7 65.4 4 63.2 1.5 130 110 10.49 
X0217_P43_8 22.7 84.1 6.1 65.8 1.9 520 150 12.73 
X0217_P43_9 14.4 150.4 4.5 149.8 3.1 160 56 1.395 
X0217_P43_10 6.7 76 8 78.8 5.9 40 180 15.8 
X0217_P43_11 19.4 148.8 4.5 149.3 3.4 148 62 1.164 
X0217_P43_12 8.8 70.4 6.5 69.7 2.9 100 170 15.2 
X0217_P43_13 13.6 150.1 5.6 146.3 3.6 220 78 0.921 
X0217_P43_14 7.9 73.8 6.7 72.6 4 120 180 10 
X0217_P43_15 17.5 151 6.5 149 4.6 151 72 10.6 
X0217_P43_16 27.7 88.4 5.7 68.4 1.8 570 140 12.8 
X0217_P43_17 20.3 222 17 156.5 4.3 830 160 0.674 
X0217_P43_18 10.9 65.2 5.4 67.6 3.6 10 140 27.9 
X0217_P43_19 19.5 70.7 4.3 68.8 2.5 160 120 71 





X0217_P43_21 27.7 65.4 3.7 64 1.4 120 110 13 
X0217_P43_22 27.7 64.4 3.7 65.4 1.6 50 110 12.72 
X0217_P43_23 9 71.1 4.1 68.8 2.2 140 110 236 
X0217_P43_24 12.2 164.6 8.3 158.2 6 258 99 0.761 
X0217_P43_25 14 75 7.6 66.9 2.5 240 180 16.19 
X0217_P43_26 11.7 146 6.9 146.1 6.8 151 79 2.36 
X0217_P43_27 24.4 82.5 3.1 79.1 2.2 194 63 102 
X0217_P43_28 24.9 74.8 4.3 66 1.8 320 120 19.8 
X0217_P43_29 9.3 166.8 6.3 157.3 3.7 263 84 0.881 
X0217_P43_30 8.3 111.7 8.1 108.1 3.8 160 130 9.4 
X0217_P43_31 17.6 156.8 6.6 157.9 3.5 133 83 0.644 
X0217_P43_32 16 135.9 7.1 134.6 5.4 170 100 0.93 
X0217_P43_33 18.6 155.7 7.1 151.8 3.9 230 100 1.113 
X0217_P43_34 27.7 156 6.2 156.2 4.6 162 56 6.8 
X0217_P43_35 27.7 80.8 5.1 78.3 3.7 160 110 28.2 
X0217_P43_36 6.8 73.4 7.3 70.4 5 180 190 105 
X0217_P43_37 16.2 133.4 5.1 129.7 3.4 197 89 1.13 
X0217_P43_38 27.7 66.3 4.2 64.9 1.7 120 120 13.23 
X0217_P43_39 27.7 59 4.1 62.4 2 -50 120 22 
X0217_P43_40 16.1 66.4 5 69.5 2.5 -30 120 41.8 
X0217_P43_41 9.3 170 6.4 171.7 6.8 147 73 0.901 
X0217_P43_42 24 1229 27 152.9 5.4 4802 83 0.579 
X0217_P43_43 6.9 76.3 6.9 74.6 4.9 230 190 54 
X0217_P43_44 11.1 156 15 155.8 7.1 160 200 1.012 
X0217_P43_45 27.7 77.5 4.2 74 2 171 99 51.5 
X0217_P43_46 12.8 67.1 7 67.3 3.2 80 180 44 
X0217_P43_47 10.4 176.1 6 175.6 3.8 184 69 1.157 
X0217_P43_48 27.7 135.2 4.8 138.1 3.1 110 65 3.36 
X0217_P43_49 22.8 87.1 3.7 83.5 2.2 199 90 12.3 
X0217_P43_50 9.3 72.3 4.6 75.9 4.6 60 120 32 
X0217_P43_51 10.9 184 10 172.3 4.9 310 120 1.406 
X0217_P43_52 15.9 153.9 7 148.7 4.4 243 97 1.911 
X0217_P43_53 24.3 74.8 4.5 70.1 1.9 200 110 24.9 
X0217_P43_54 19.9 163.2 5.7 168.3 4.8 102 51 1.75 
X0217_P43_55 21.8 161.2 5.4 163 3.8 164 68 0.73 
X0217_P43_56 11.4 66 4.5 63 3 170 120 22.4 
X0217_P43_57 14.6 163.3 7.8 154.2 5.7 284 93 1.18 
X0217_P43_58 3.8 96 10 82.7 4.7 380 200 76 





X0217_P43_60 27.7 71.4 4.7 68.9 2.1 140 120 12.8 
X0217_P43_61 9.4 63.9 5.2 63.1 3.5 100 140 70 
X0217_P43_62 15.7 171.9 9.7 169.9 4.2 180 120 2.06 
X0217_P43_63 17 222 17 154.9 4.7 860 140 0.81 
X0217_P43_64 3.5 78 15 72.9 4.9 160 330 44 


















0217-P47_1.FIN2 37.7 128.9 7.6 127.1 2.9 140 110 1.408 
0217-P47_2.FIN2 37.7 1200 29 1205 25 1158 86 1.62 
0217-P47_3.FIN2 37.7 97.5 4.1 97.6 1.7 115 86 1.636 
0217-P47_5.FIN2 37.7 228.8 4.2 225 2.4 259 47 1.072 
0217-P47_6.FIN2 37.7 1790 8.4 1806 16 1767 17 1.665 
0217-P47_7.FIN2 37.7 169.4 3.5 166.5 1.6 203 47 1.24 
0217-P47_8.FIN2 37.7 80.4 1.9 77.1 1 194 52 0.688 
0217-P47_9.FIN2 37.7 1708.7 7.5 1712 13 1707 15 2.025 
0217-P47_10.FIN2 37.7 1626.5 8.1 1590 15 1672 16 3.57 
0217-P47_11.FIN2 37.7 176.1 5.2 178.4 2.3 149 63 1.259 
0217-P47_12.FIN2 37.7 1199.7 7.8 1186 11 1226 21 1.07 
0217-P47_13.FIN2 37.7 125.7 5 128.8 4.3 108 60 1.7 
0217-P47_14.FIN2 37.7 1211.9 7.7 1207.4 9.8 1220 20 2.023 
0217-P47_15.FIN2 37.7 218.6 5.6 221.5 2.9 193 62 2.772 
0217-P47_16.FIN2 37.7 1682.8 7.1 1657 12 1710 14 1.469 
0217-P47_17.FIN2 37.7 148.9 3 145.5 1.9 205 45 1.71 
0217-P47_18.FIN2 37.7 1717.1 8.5 1715 14 1714 19 1.656 
0217-P47_19.FIN2 37.7 1700 11 1703 16 1697 23 2.25 
0217-P47_20.FIN2 37.7 1391.3 9.7 1396 11 1380 26 1.063 
0217-P47_21.FIN2 4.7 546 26 269 14 1980 110 3.08 
0217-P47_22.FIN2 26.1 1099 15 1012 14 1265 42 1.017 
0217-P47_23.FIN2 37.7 81.4 2.8 80.2 1.2 131 69 4.945 
0217-P47_24.FIN2 37.7 157.9 2.7 154.9 1.8 192 40 0.576 
0217-P47_25.FIN2 37.7 412.5 6.8 401.5 4.7 462 45 1.653 
0217-P47_26.FIN2 37.7 1228 12 1222 11 1224 33 1.687 
0217-P47_27.FIN2 37.7 1204 17 1204 16 1191 49 1.32 
0217-P47_28.FIN2 21 150 11 143.6 3.6 230 140 0.88 
0217-P47_29.FIN2 37.7 1207.4 7.9 1205 10 1204 23 1.9 
0217-P47_30.FIN2 37.7 1200 11 1205.6 9.7 1183 34 1.441 
0217-P47_31.FIN2 37.7 1200 12 1201 12 1194 31 1.138 





0217-P47_33.FIN2 36.7 165.4 3.7 168.4 2.2 136 50 1.02 
0217-P47_34.FIN2 36.7 168.8 3.1 167.3 1.7 197 37 1.079 
0217-P47_34.FIN2 36.7 1185.6 8.7 1189.3 9.3 1177 25 0.627 
0217-P47_35.FIN2 36.7 1729 12 1778 19 1671 25 1.491 
0217-P47_36.FIN2 36.7 82.9 3 82.3 1 120 75 0.971 
0217-P47_37.FIN2 36.7 224.4 9.6 233 3.8 153 93 1.344 
0217-P47_38.FIN2 36.7 1657.3 8.1 1644 12 1671 19 1.539 
0217-P47_39.FIN2 36.7 1655.6 8.6 1652 14 1655 20 1.202 
0217-P47_40.FIN2 25.5 1560.8 7.7 1499 12 1641 15 4.69 
0217-P47_41.FIN2 36.7 76.5 3 73.4 1.2 194 84 53.4 
0217-P47_42.FIN2 21 1123 29 1109 20 1140 85 1.006 
0217-P47_43.FIN2 33.8 1410 14 1427 15 1384 35 0.952 
0217-P47_1.FIN2 15.883 1120 13 1081 16 1175 30 1.966 
0217-P47_3.FIN2 17.629 245 7.8 239.7 5.4 271 60 3.47 
0217-P47_4.FIN2 24.508 173.9 6.1 164.7 5.3 298 78 1.848 
0217-P47_5.FIN2 27.674 99.3 3.4 80.2 2 562 75 7.22 
0217-P47_6.FIN2 27.674 no value NAN no value NAN no value NAN no value 
0217-P47_8.FIN2 19.486 1660 17 1651 28 1670 24 1.585 
0217-P47_9.FIN2 27.674 1395 15 1387 20 1405 33 1.121 
0217-P47_10.FIN2 24.836 1207 15 1204 23 1220 28 1.488 
0217-P47_11.FIN2 18.502 1660 18 1612 30 1712 23 9.34 
0217-P47_12.FIN2 5.1319 68.2 4.7 66.4 3.4 130 130 6.7 
0217-P47_12.FIN2 16.319 167 10 166.1 4.2 160 130 0.5547 
0217-P47_13.FIN2 6.1146 126.8 6.4 128 4.1 130 110 2.57 
0217-P47_13.FIN2 17.629 173 4 173.6 2.4 159 50 1.373 
0217-P47_14.FIN2 18.72 1665 22 1617 36 1713 20 6.94 
0217-P47_15.FIN2 12.278 82.3 6.9 70.7 4 357 86 157 
0217-P47_16.FIN2 8.8443 87.9 6.5 89.1 4.8 80 120 4.86 
0217-P47_16.FIN2 16.756 163.4 8.8 164.2 4.7 140 110 1.062 
0217-P47_17.FIN2 27.674 153.3 6.8 153.7 6.7 154 53 1.14 
0217-P47_18.FIN2 20.14 1168 20 1143 19 1198 58 1.519 
0217-P47_19.FIN2 2.293 89 13 66.7 6.2 640 290 56 
0217-P47_19.FIN2 9.4404 1151 25 1120 32 1201 46 1.427 
0217-P47_20.FIN2 21.123 1707 19 1654 34 1767 30 3.1 
0217-P47_21.FIN2 18.285 1667 17 1648 30 1685 35 1.506 
0217-P47_22.FIN2 2.4022 93 13 85 12 250 140 167 
0217-P47_22.FIN2 17.083 1145 20 1077 25 1243 49 1.456 
0217-P47_23.FIN2 4.04 69.9 8.8 58.7 3.7 380 200 104 





0217-P47_24.FIN2 21.232 1272 21 1293 30 1226 39 0.498 
0217-P47_25.FIN2 17.629 1161 15 1152 15 1160 37 1.629 
0217-P47_27.FIN2 12.387 156 10 112.2 6.7 830 130 17.9 
0217-P47_28.FIN2 27.675 65.8 2.4 63.3 1.5 143 65 160 
0217-P47_29.FIN2 6.2729 61.6 3.7 63.9 2.9 10 110 45 
0217-P47_30.FIN2 22.76 153.5 4 151.6 3.5 181 51 2.68 
0217-P47_31.FIN2 7.9708 72 4 69.5 2.2 150 110 39.1 
0217-P47_31.FIN2 14.571 152.9 8 156.7 4.6 120 110 2.01 
0217-P47_32.FIN2 22.106 85.7 5 85.1 2.2 120 110 1.781 
0217-P47_33.FIN2 27.674 1952 25 342.5 9.6 4956 63 1.1 
0217-P47_34.FIN2 14.025 87.5 6.6 69.6 3.7 540 160 37.1 
0217-P47_34.FIN2 7.9708 218 14 224 10 170 130 5.88 
0217-P47_35.FIN2 18.831 66.9 3 63.4 2.2 209 67 290 
0217-P47_36.FIN2 7.6933 73.9 7.4 68.7 4.4 250 120 110 
0217-P47_36.FIN2 17.252 1038 29 964 22 1206 80 1.343 
0217-P47_37.FIN2 17.192 869 18 763 16 1168 30 19.3 
0217-P47_38.FIN2 5.9453 58.8 7.3 60.7 3.5 100 150 157 
0217-P47_38.FIN2 18.344 1589 16 1539 28 1680 23 3 
0217-P47_39.FIN2 4.3676 75.2 9.9 70.6 6.5 250 230 146 
0217-P47_39.FIN2 18.831 1100 28 1094 27 1127 74 1.682 
0217-P47_40.FIN2 12.824 1134 20 1139 23 1160 50 1.885 
0217-P47_41.FIN2 7.3157 63.4 3.1 63.8 2 100 82 31.9 
0217-P47_41.FIN2 19.594 75.1 2.8 76 1.7 105 67 1.143 
0217-P47_43.FIN2 10.81 66.3 3.6 63 2.5 208 98 125 
0217-P47_43.FIN2 10.969 1065 43 1038 41 1140 120 1.327 
0217-P47_44.FIN2 10.701 82.3 3.3 83.1 2.7 113 80 4.61 
0217-P47_44.FIN2 13.152 129.9 7.5 132.5 4.6 128 96 1.551 
0217-P47_45.FIN2 4.4768 67 7.2 67.7 5.1 90 210 41 
0217-P47_45.FIN2 13.916 126.4 7.6 129 4.7 130 110 1.38 
0217-P47_46.FIN2 19.485 1126 24 1121 28 1165 59 1.222 
0217-P47_47.FIN2 18.94 1179 16 1205 23 1155 38 1.46 
0217-P47_48.FIN2 14.68 1162 30 1049 27 1396 87 1.24 
0217-P47_49.FIN2 6.4422 109.1 5.6 111.5 4.6 90 110 4.46 
0217-P47_49.FIN2 18.502 191 13 171.9 4.7 430 140 1.084 
0217-P47_50.FIN2 8.626 71.1 5 71.9 4.1 90 110 94 























P9_1 27.03 1551 22 1382 36 1776 28 21.90 
P9_2 9.33 956 18 847 18 1192 53 2.86 
P9_3 28.00 185.1 8.7 180.7 4.8 201 95 4.08 
P9_4 27.03 144 3.9 143.8 2.4 177 60 0.82 
P9_5 23.92 137 11 119 2.9 420 170 2.95 
P9_6 27.42 58.8 2.1 53.8 1.4 242 77 133.00 
P9_7 27.42 1500 12 1423 20 1603 30 31.90 
P9_8 27.03 1120 14 1060 19 1247 42 4.23 
P9_9 27.81 154.5 4.9 153.5 3 185 70 1.24 
P9_10 22.36 1317 19 1118 27 1643 29 46.40 
P9_1 27.29 162.9 2.9 157.5 1.3 239 46 0.77 
P9_2 19.13 81.1 8.3 87.5 2.2 -10 160 1.82 
P9_3 27.29 1415.1 9.5 1389 11 1461 22 1.77 
P9_4 27.03 1361.1 6.9 1326.4 8.7 1421 16 3.70 
P9_5 27.03 1166.4 5.7 1159.7 7.1 1172 16 2.22 
P9_6 12.24 1662.7 8.7 1646 11 1683 20 4.14 
P9_7 27.29 173.6 7.8 169.2 2.9 240 100 0.62 
P9_8 11.22 1654.5 7.4 1635 13 1661 18 1.00 
P9_9 27.03 221.1 4.4 218.6 2.5 237 46 1.61 
P9_10 27.29 211.2 6.8 214.5 2.3 163 73 9.70 
P9_11 27.03 150 8.2 150.9 2.9 150 110 0.58 
P9_12 22.70 1699.2 9.7 1707 11 1675 21 1.89 
P9_13 27.03 1671 10 1672 13 1671 21 1.87 
P9_14 24.74 1409.5 6.2 1421.4 9.3 1385 14 1.65 
P9_15 27.03 1316.7 4.7 1273.8 7.5 1391 12 2.17 
P9_16 27.03 1165 13 1140 12 1201 39 1.14 
P9_17 13.26 169.2 8.1 157.5 3 310 120 0.67 
P9_18 13.01 1092 15 1074 17 1122 35 2.29 
P9_19 14.79 1597.2 5.8 1592 11 1598 15 15.41 
P9_20 27.29 178.5 6.7 167.3 2 318 78 0.82 
P9_21 27.03 97 8.1 89.7 2.3 250 170 1.50 
P9_22 27.03 81.5 3.1 81 1.4 123 85 1.90 
P9_23 27.03 307.6 4 304.2 2.6 332 37 1.80 
P9_24 27.03 86.4 1.9 87.2 1.1 101 47 0.99 
P9_25 16.83 1167.6 7.6 1176 12 1164 19 2.01 





P9_27 27.03 212.1 5.7 210.4 2.3 231 67 1.69 
P9_28 27.03 163.7 4 158.5 2 266 56 1.87 
P9_29 26.52 1689.7 9.4 1733 16 1665 20 1.41 
P9_30 19.64 1375 11 1361 14 1418 30 1.50 
P9_31 17.85 1417 11 1429 13 1412 30 2.44 
P9_32 27.03 1658.2 8.2 1659 12 1672 19 2.41 
P9_33 27.03 81.7 2.7 82.2 1.1 108 73 1.20 
P9_34 12.50 158.9 5.1 150.5 1.9 269 73 1.12 
P9_35 16.07 1493.2 8 1472 12 1529 18 16.30 
P9_36 27.03 1197 18 1190 14 1219 50 1.69 
P9_37 27.03 1190 17 1198 15 1156 49 1.46 
P9_38 27.03 1316.2 7.4 1280 11 1390 16 3.41 
P9_39 27.03 1381.8 8.7 1375 11 1408 23 1.97 
P9_40 27.03 1216 12 1220 12 1216 35 1.08 
P9_41 27.03 164.4 3.4 167.8 1.8 120 46 1.09 
P9_42 27.29 102.5 2.6 94.3 1.1 296 58 1.87 
P9_43 27.29 128.5 2.7 128.5 1.4 133 51 1.68 
P9_44 27.03 163.2 4.1 159.7 2 217 53 1.01 
P9_45 27.03 145.8 9.7 139.8 3.3 190 140 1.80 
P9_46 27.29 81.3 2.1 81.33 0.79 112 55 0.72 
P9_47 21.42 1602 11 1509 15 1726 25 1.81 
P9_48 26.52 1406.3 6.9 1397 10 1401 20 1.04 
P9_49 27.29 1176 21 1161 19 1178 58 1.73 
P9_50 13.52 1235 27 1205 25 1251 75 1.48 
P9_51 27.29 1216 18 1216 15 1207 45 1.37 
P9_52 25.76 1644 7.9 1613 12 1667 12 2.05 
P9_53 20.15 1236 19 1223 18 1237 52 1.32 
P9_54 27.03 169.2 6.6 165.9 2.7 189 87 0.87 
P9_55 27.03 173.2 4 159.4 2.9 326 54 0.56 
P9_56 6.37 191.6 9 161.8 4.4 460 130 1.19 
P9_57 8.92 161 40 166 11 190 440 1.19 
P9_58 27.29 212 4.2 207 2.3 247 46 1.21 
P9_59 16.07 1390 11 1384 16 1392 27 2.38 
P9_60 8.41 1390 17 1363 24 1465 44 2.27 
P9_61 27.03 85.3 8 77.7 2.4 230 180 1.10 
P9_62 27.03 78.3 2.2 74.39 0.95 158 60 0.80 
P9_63 27.29 76 2.4 66.7 1.2 374 74 5.70 
P9_64 27.03 164 7 157.2 3.4 230 100 0.63 





P9_66 27.29 84.8 2.1 84.01 0.9 102 54 2.64 
P9_67 27.03 1720.9 7.5 1718 13 1722 19 1.94 
P9_68 27.29 72.4 1.6 71.54 0.75 76 51 2.09 
P9_69 27.03 238.3 5.9 230.8 2.5 287 60 2.03 
P9_70 14.79 173.6 3.1 169.8 1.9 211 44 0.80 
P9_71 27.03 1563.6 8 1555 14 1571 19 2.35 
P9_72 27.29 1647 13 1633 17 1656 26 1.42 
P9_73 19.89 1716 14 1713 24 1707 28 2.07 
P9_74 19.89 1730 13 1724 19 1727 27 2.31 
P9_75 20.66 1647.9 7.6 1639 14 1648 14 3.28 
P9_76 27.03 76.8 3 75.3 1.4 83 88 1.47 
P9_77 27.03 167.1 4 164.6 2.1 202 53 1.05 
P9_78 17.09 1229 17 1228 17 1211 45 0.81 
P9_79 16.83 1699 18 1737 27 1641 42 1.41 
P9_80 14.28 1638.4 9.6 1577 18 1720 19 1.70 
P9_81 7.90 84 11 78.3 3.7 220 260 1.69 
P9_82 27.29 96.3 6.5 100.9 2.2 20 130 2.28 
P9_83 27.29 94.7 1.9 94.6 1.4 90 40 14.62 
P9_84 15.81 1774 8.2 1828 18 1720 21 3.30 
P9_85 27.29 227.5 7.4 220.6 3.4 329 78 2.01 
P9_86 21.68 98.8 5.7 93 1.8 220 120 1.39 
P9_87 27.03 91 4.8 90.2 1.7 180 100 2.92 
P9_88 27.03 1734 12 1729 19 1755 23 1.94 
P9_89 28.31 1749.5 6.5 1771 14 1728 14 0.94 
P9_90 27.03 1379.3 9.8 1355 13 1430 24 2.53 
P9_91 27.29 220.1 7.7 224.7 2.9 166 79 1.22 
P9_92 27.03 77.8 3.1 76.2 1.3 125 81 1.46 
P9_93 25.50 1637.4 5.6 1647.7 9.3 1617 11 2.09 
P9_94 27.03 1725 11 1735 14 1711 25 0.82 
P9_95 18.11 1357.7 7.1 1341 10 1388 15 2.01 
P9_96 27.03 199 11 131 2.2 1070 120 2.65 
P9_97 27.03 169.5 4.7 163.1 2.1 247 60 1.29 
P9_98 28.31 153 10 138.6 4.2 380 130 1.17 
P9_99 15.05 1621 10 1574 14 1682 21 8.87 
P9_100 27.15 no value NAN no value NAN no value NAN no value 
P9_101 27.29 92.8 4.8 83.2 1.4 290 110 1.24 
P9_102 20.66 1202.3 7.3 1116 10 1378 18 1.35 
P9_103 27.15 no value NAN no value NAN no value NAN no value 





















P57_1 27.81 1540.2 9.4 1433 13 1699 17 7.09 
P57_2 27.22 92.1 5.1 96.1 2.3 61 96 3.37 
P57_3 27.81 121.6 3.7 118.4 3.2 184 46 0.85 
P57_4 17.31 1341 12 1305 15 1396 29 2.12 
P57_5 27.22 175 11 173.4 5.2 190 120 2.63 
P57_6 27.22 107.8 8 100.8 3 290 150 3.11 
P57_7 20.22 1558 15 1431 27 1717 30 5.16 
P57_8 27.22 145 8.2 144 3.9 140 110 3.22 
P57_9 27.22 89.7 2.4 88.1 1.6 144 56 3.00 
P57_10 27.22 101.6 3.3 100.7 2 122 69 3.52 
P57_11 27.03 63 11 65.8 2.5 60 260 5.83 
P57_12 27.22 125.4 8.3 123.8 3.8 140 130 2.63 
P57_13 27.22 98.1 5.1 97.9 2.4 120 100 3.07 
P57_1 27.03 100.7 3.9 102.1 1.3 102 81 1.78 
P57_2 27.54 1112 13 1128.9 9.8 1067 41 1.45 
P57_3 23.72 144.1 3.7 144.2 2.2 166 49 0.78 
P57_4 27.03 119.9 8.3 122 3.2 140 130 2.33 
P57_5 27.03 119 2.5 99.87 0.98 516 50 2.05 
P57_6 27.29 99.5 3.3 99.9 1.3 115 71 1.79 
P57_7 27.03 162.7 3.8 162.3 1.7 186 62 1.41 
P57_8 16.83 1639 11 1578 16 1742 24 1.32 
P57_9 27.03 165.2 2.5 165 1.1 182 41 0.52 
P57_10 27.29 104.7 4.3 103.5 1.5 138 88 1.33 
P57_11 27.29 132 8.8 136 3.3 90 120 0.87 
P57_12 27.03 117.5 2.4 117.47 0.98 140 47 2.33 
P57_13 27.03 78.5 3.6 78.2 1.2 125 90 0.78 
P57_14 27.29 142.4 2 145.4 1.2 123 34 1.48 
P57_15 27.03 144.7 4.6 142.9 1.7 184 72 1.13 
P57_16 27.29 138.8 3.3 137.6 1.3 152 59 2.60 
P57_17 27.29 108.4 2 108.7 1 109 43 1.76 
P57_18 24.74 1066.8 8.1 1088.8 8.7 1042 24 8.73 
P57_19 27.29 141.6 3.7 140.3 1.6 172 62 2.05 
P57_20 27.03 140.2 3.4 147.2 2.1 78 50 2.02 
P57_21 27.03 173.3 7.2 172.1 2.5 203 90 2.01 
P57_22 27.29 108.5 5 108.5 2 129 99 2.36 
P57_23 27.29 115.2 4.1 111.5 1.4 186 83 1.80 





P57_25 27.29 231 10 218.9 3.4 365 96 3.55 
P57_26 27.03 176.1 5.4 166.9 2.2 268 74 1.65 
P57_27 18.36 108.1 6.5 102.1 2.8 290 130 3.37 
P57_28 27.03 89.1 5.4 84.5 1.6 240 130 1.49 
P57_29 27.29 163.1 3.8 160.5 1.7 189 57 0.84 
P57_30 19.38 1642.3 8.7 1627 15 1661 15 1.57 
P57_31 27.29 123.2 7.1 118 2.2 230 120 1.72 
P57_32 27.03 106.5 3 106.4 1.4 114 67 1.62 
P57_33 27.03 123 7 126.3 3.2 140 120 0.77 
P57_34 27.29 123.4 5.6 122.9 2.5 139 99 2.41 
P57_35 18.62 1622 11 1599 18 1660 22 4.50 
P57_36 27.29 102.1 3.4 101.6 2.2 94 54 3.49 
P57_37 27.03 98.7 2.7 99 1.3 92 61 1.49 
P57_38 27.03 187.6 4.8 190.7 3.2 196 59 2.26 
P57_39 27.29 105.5 2.2 103 1.3 170 52 2.94 
P57_40 27.29 153 3.6 151.6 1.5 168 51 0.53 
P57_41 27.03 109.3 6.2 109.2 2.1 150 110 1.53 
P57_42 27.03 99 3.4 100 1.4 114 75 2.36 
P57_43 27.03 96 4.1 96.8 2 127 80 5.08 
P57_44 27.03 170.1 5.7 152.4 2.3 397 80 1.76 
P57_45 27.29 163.9 8.5 172.5 3.2 70 110 1.85 
P57_46 27.29 164.2 3.7 165.1 1.6 174 50 1.15 
P57_47 15.56 1657 10 1667 17 1647 18 2.39 
P57_48 27.29 95 3 95.5 1.5 106 72 3.32 
P57_49 27.03 107.1 2.4 102.3 1.1 202 50 1.84 
P57_50 27.03 174.1 3.4 175.2 1.7 159 43 1.37 
P57_51 27.03 138.9 4.6 140 2.2 153 79 3.71 
P57_52 20.66 144.6 5.1 144.1 2.5 157 74 1.02 
P57_53 27.29 100.8 2.6 95.1 1.2 229 54 1.30 
P57_54 27.03 171.6 5.6 155.1 2.1 381 74 2.25 
P57_55 9.43 86 6.5 80.6 3.9 160 190 3.99 
P57_56 27.29 123.7 6 97.2 1.9 640 110 2.57 
P57_57 27.03 102 2.4 101.5 1.5 128 49 1.49 
P57_58 19.64 142 3.7 139.9 2.8 181 55 1.54 
P57_59 27.29 103 2.3 102 1.3 109 50 2.34 
P57_60 27.03 152.3 5.9 149.4 2.6 218 86 1.98 
P57_61 17.85 160.3 3.3 158 3.2 201 52 2.48 
P57_62 21.17 177 8.8 152.3 2.7 510 110 3.22 





P57_64 27.29 157.6 3.8 157.6 2.5 138 51 3.44 
P57_65 27.03 73.7 3.1 72.9 1.5 102 78 3.82 
P57_66 27.29 99.6 4.5 100.3 1.6 99 95 0.53 
P57_67 27.03 97.4 3 94.7 1.6 153 63 3.04 
P57_68 27.29 137.3 8.7 139.7 3.1 130 130 1.90 
P57_69 27.03 136.7 3 133.5 2 172 56 1.60 
P57_70 27.29 92.1 3.5 90.9 1.6 175 83 2.51 
P57_71 27.29 108.9 3.6 105.8 1.7 201 72 1.92 
P57_72 27.29 122.5 8.1 122.9 2.9 140 130 2.44 
P57_73 27.54 1643 11 1609 18 1698 17 4.52 
P57_74 27.29 143.3 6 140.2 3 225 94 1.64 
P57_75 17.60 134.7 9.3 116.3 2.9 420 150 2.75 
P57_76 27.29 85.8 3.1 86.3 1.3 124 78 1.24 
P57_77 27.03 259.2 5.1 250 3.4 323 50 1.83 
P57_78 27.03 95.7 3.6 96.1 2.3 148 82 3.87 
P57_79 21.68 100 3.7 95.9 1.6 195 82 1.75 
P57_80 27.03 101.1 2.3 99.7 1.6 141 50 1.69 
P57_81 21.42 101.9 4.5 99.8 1.5 127 88 2.50 
P57_82 27.29 125.6 4.4 122.3 2 227 81 2.37 
P57_83 27.03 132.5 4.3 128.1 2.4 203 75 2.01 
P57_84 14.54 111.6 3.9 112.7 2.4 130 72 1.81 
P57_85 27.03 113 3 112.5 1.6 106 57 2.31 
P57_86 20.15 127.6 7.5 124 3.3 220 120 1.56 
P57_87 27.03 103.4 3.6 101.3 1.3 143 70 2.24 
P57_88 27.29 103 2 101.9 1.4 139 44 2.79 
P57_89 15.30 161.4 6.8 159 2.6 184 93 1.25 
P57_90 14.54 110.6 4.3 104.3 2.3 220 83 1.93 
P57_91 27.03 99.9 1.7 97.3 1.4 182 41 2.02 
P57_92 27.29 102 5.4 102.9 2.6 70 110 2.28 
P57_93 7.39 93.7 8.1 89 3.2 240 200 2.93 
P57_94 23.21 114.8 4.9 109.2 1.9 261 96 1.97 
P57_95 28.05 146.4 3.5 138.1 2.1 271 45 1.22 
P57_96 27.29 1435 11 1451 19 1403 25 1.16 
P57_97 10.71 98.7 4 93.4 1.7 249 90 1.55 
P57_98 27.03 127 11 124.6 3.8 200 160 2.17 
P57_99 11.99 104.9 8.7 100.7 3 230 180 2.49 
P57_100 23.72 97.3 2.8 96 1.1 151 61 2.45 
P57_101 27.29 127.3 2.3 124.7 1.8 182 39 4.28 





P57_103 24.99 128.8 7.9 139.9 3.2 -10 120 1.98 
P57_104 27.29 155.8 3 156.5 1.9 177 40 2.59 
P57_105 27.03 83.4 2.7 84.8 1.1 76 66 1.18 
P57_106 27.03 108.5 5.9 108.6 2.1 130 110 2.01 
P57_107 27.29 98.8 2.5 98.2 1.4 131 54 1.82 
P57_108 14.54 124 10 122.2 4.6 120 160 3.61 
P57_109 27.29 87.8 3 83.2 1.3 183 72 7.93 

















P80_1 15.75 1615 26 1511 35 1743 62 1.67 
P80_2 12.06 1260 17 1127 16 1491 47 2.54 
P80_3 17.11 257 15 211.8 5.7 590 120 3.35 
P80_4 26.64 1539 32 1155 22 2106 68 6.57 
P80_5 27.22 94.6 5.2 81.9 1.7 340 110 1.02 
P80_6 28.39 349 47 59.2 6 1400 3400 4.30 
P80_7 27.22 144.3 7.1 139.5 3.9 179 94 1.61 
P80_8 28.20 116 13 93.1 3.7 480 230 4.06 
P80_9 28.78 1663 20 1561 32 1818 38 1.23 
P80_10 27.22 1514 16 1398 24 1688 34 18.39 
P80_11 16.14 313 25 111.4 6.5 2360 170 22.50 
P80_12 27.22 264 20 183.8 8 930 170 8.50 
P80a_1 27.03 163.9 3.3 162.2 1.8 217 52 0.99 
P80a_2 27.29 1380.1 7 1375.8 9 1383 16 1.03 
P80a_3 27.03 1667.8 8.1 1649 12 1701 16 1.47 
P80a_4 27.29 1630 4.8 1602.9 9.4 1665 13 2.47 
P80a_5 27.03 1357.8 5.6 1327.5 9.2 1391 14 2.39 
P80a_6 27.03 175 4.2 166.7 1.5 278 57 1.21 
P80a_7 27.80 234.6 3.9 213 1.4 433 42 2.11 
P80a_8 26.01 1721.1 5.7 1707.3 8.9 1727 14 1.79 
P80a_9 9.94 119.9 6.7 111.3 1.6 260 120 2.99 
P80a_10 27.80 201 12 158 6.2 580 120 0.77 
P80a_11 10.46 188 18 175.1 6.3 290 210 1.74 
P80a_12 13.52 95.7 4.8 90.4 1.8 250 100 2.31 
P80a_13 29.07 149.3 8.1 162.5 3 -10 110 0.79 
P80a_14 20.91 163.2 9 155.3 3.9 290 120 0.76 
P80a_15 10.46 1612.5 9.1 1564 14 1671 23 1.99 
P80a_16 27.29 1616.3 8.7 1603 14 1631 15 0.96 





P80a_18 11.73 1694 17 1721 25 1662 32 1.71 
P80a_19 27.03 1651 11 1635 13 1669 25 1.21 
P80a_20 27.29 243.6 4.2 243.1 2.6 225 44 1.50 
P80a_21 27.29 1666 7.5 1649 12 1696 18 1.17 
P80a_22 27.03 167.9 5.5 165.4 1.7 212 72 1.05 
P80a_23 27.29 123.5 2.6 122.9 1.3 134 45 1.81 
P80a_24 28.31 114.6 7.4 116.8 4.6 130 120 1.92 
P80a_25 27.03 151 3.5 148.7 2 188 53 0.95 
P80a_26 17.85 1670 14 1667 20 1676 31 6.42 
P80a_27 14.03 1708 15 1688 17 1722 37 4.79 
P80a_28 21.17 1715.5 7.2 1804 14 1618 14 8.15 
P80a_29 18.87 1627.7 9.8 1609 14 1655 23 1.00 
P80a_30 27.29 157.8 3.9 155.7 2.5 218 53 1.35 
P80a_31 27.29 168.4 4.6 167.6 1.9 182 67 0.71 
P80a_32 27.03 234.4 4 230.7 2.6 287 43 1.90 
P80a_33 22.19 177.4 8.2 161.4 2.9 450 110 1.08 
P80a_34 27.03 177.1 2.8 176.6 1.6 187 39 1.64 
P80a_35 16.58 1661 12 1617 23 1729 20 1.99 
P80a_36 12.24 209 10 213.3 3.7 170 110 1.61 
P80a_37 16.58 257 13 229.7 4.1 480 120 1.64 
P80a_38 27.29 81.6 4.8 80.7 1.6 130 110 0.76 
P80a_39 26.52 263 20 165.7 3.9 1080 170 0.89 
P80a_40 27.29 218 3.9 221.1 2.3 196 42 1.68 
P80a_41 27.03 162.5 6.1 164.8 2.2 137 85 0.59 
P80a_42 27.29 1691 11 1680 15 1697 24 1.19 
P80a_43 27.03 164.9 4 159.5 2 268 55 1.01 
P80a_44 27.03 1606.3 9.4 1571 16 1659 21 3.43 
P80a_45 27.03 160.7 4.5 158.6 2.8 201 67 1.04 
P80a_46 21.93 1731.8 8.9 1716 17 1739 17 1.72 
P80a_47 27.03 99.3 4.1 99.5 1.7 144 87 2.29 
P80a_48 21.68 173 11 161.9 4.4 300 140 0.90 
P80a_49 27.03 1674 11 1664 15 1687 21 1.34 
P80a_50 27.03 144.8 2.8 142 1.8 198 45 14.00 
P80a_51 21.17 1629.5 7.3 1594 12 1666 17 2.21 
P80a_52 15.05 1585.5 7.8 1533 13 1643 14 5.13 
P80a_53 27.03 166 12 166.1 3.7 160 150 0.88 
P80a_54 20.66 1350 12 1243 19 1515 31 7.72 
P80a_55 16.83 91.4 8.4 90.6 3.7 140 190 0.77 





P80a_57 27.03 151 10 157.2 4 80 130 0.38 
P80a_58 27.03 165.8 2.9 164.4 1.6 166 42 1.09 
P80a_59 7.39 236 8.4 238 5 201 88 30.70 
P80a_60 5.35 155 12 134.1 4.1 390 150 1.59 
P80a_61 27.29 163.4 9.9 160.7 3.9 270 140 0.78 
P80a_62 19.13 1566.7 6.7 1558 13 1565 17 10.10 
P80a_63 27.29 1698.7 8.5 1694 15 1707 21 1.43 
P80a_64 26.52 1635 18 1607 20 1653 39 1.60 
P80a_65 10.97 1510.5 9.3 1436 19 1613 22 1.72 
P80a_66 27.03 89.2 3.8 84.3 1.4 193 84 1.31 
P80a_67 27.03 166.5 6.5 156.3 2.9 293 93 1.17 
P80a_68 18.11 1727 13 1733 24 1736 25 1.62 
P80a_69 27.03 162.7 6.9 161 2.6 197 97 0.73 
P80a_70 27.03 1679.4 9.6 1673 14 1682 21 1.79 
P80a_71 27.03 163 10 161.9 4 180 130 0.81 
P80a_72 21.68 1714.9 8.6 1689 15 1760 20 2.07 
P80a_73 27.29 217.9 5.4 214.6 3.5 252 59 2.21 
P80a_74 25.25 74.8 6.7 84 2.1 -30 150 0.76 
P80a_75 27.29 130 11 129.4 3.5 170 160 5.56 
P80a_76 27.29 84.1 5.7 83.8 1.7 90 130 1.33 
P80a_77 13.52 118 13 54 2.3 1630 260 6.55 
P80a_78 17.60 959 19 950 22 960 54 3.03 
P80a_79 27.29 161 4.2 163.4 2.1 142 57 1.16 
P80a_80 27.29 159.6 4.5 161.2 2.1 131 67 1.66 
P80a_81 27.29 232.2 3.8 229.8 2.7 252 40 2.26 
P80a_82 27.03 82.6 1.8 80.33 0.95 135 52 0.37 
P80a_83 14.03 90.9 6.5 80.6 2.6 290 140 7.08 
P80a_84 17.85 1661 16 1608 25 1712 31 2.64 
P80a_85 22.44 1641 15 1623 19 1661 31 0.89 
P80a_86 26.01 130.8 6.1 116.1 2.1 378 97 2.82 
P80a_87 27.03 117.8 4.8 116.3 2.4 125 74 4.38 
P80a_88 20.66 1620.8 9.9 1575 17 1680 22 1.25 
P80a_89 27.03 236.6 5.2 234.8 4.7 209 49 1.38 
P80a_90 17.85 179 14 162 5 340 180 0.84 
P80a_91 27.29 1728 12 1732 21 1722 23 2.49 
P80a_92 22.19 1378 11 1319 19 1450 19 1.44 
P80a_93 27.29 172.4 6.5 163.8 2.7 237 76 1.37 
P80a_94 27.03 161.7 6.1 161.2 3.2 149 86 1.18 





P80a_96 27.03 1748.9 9.6 1754 20 1741 22 1.26 
P80a_97 27.03 168.1 7.3 159.8 3.2 268 97 0.91 
P80a_98 27.29 216.3 7.1 214.8 3.8 241 75 1.76 
P80a_99 19.38 168.3 5 168.7 3.3 158 67 1.47 
P80a_100 27.29 164 4.9 164.6 3 175 69 1.00 
P80a_101 27.03 86.1 7.1 75.8 2.6 390 170 0.70 
P80a_102 27.29 1150 15 1108 15 1228 42 1.46 
P80a_103 27.03 86.2 2.7 82.9 1.6 215 63 1.22 
P80a_104 27.03 165.8 4.8 161.8 2.1 237 65 1.13 
P80a_105 27.15 2759.5 8.5 2396 16 3036 10 4.81 
P80a_106 10.97 95.4 1.7 90.1 1.3 227 45 5.44 

















P71_0 24.15 131 8 123.8 3 240 130 1.76 
P71_1 25.04 99.9 4 94.9 2.3 208 77 6.50 
P71_2 24.15 151.6 3 151 1.7 151 42 4.10 
P71_3 24.15 94.9 3.5 93.5 1.8 143 74 3.18 
P71_4 20.15 136.1 7.3 140.2 3.1 110 110 2.24 
P71_5 24.15 137.5 5.6 134.6 3.5 197 77 4.21 
P71_6 15.71 88.3 6.1 84.8 3.5 200 130 4.57 
P71_7 2.66 61.3 8.2 54.8 4.7 340 310 21.00 
P71_8 14.82 137.5 7.8 131.4 2.6 220 120 2.14 
P71_9 20.59 135.6 8.4 132.8 3.1 180 130 2.05 
P71_10 20.15 99.7 5.8 103.2 2.1 50 110 1.83 
P71_11 6.22 74.5 5 72.8 3.6 150 150 15.80 
P71_12 12.16 136 13 127.2 4.3 260 190 2.99 
P71_13 3.11 123 14 59 1.8 1600 220 38.80 
P71_14 19.71 125.4 6.3 118.8 2.2 220 100 2.80 
P71_15 11.71 106.1 8.2 93.2 3.3 380 160 5.46 
P71_16 13.77 140 11 136.1 3.5 210 170 2.06 
P71_17 24.59 99.5 3.9 93.9 2.1 252 92 2.14 
P71_18 5.94 66.4 4 66.6 6.7 10 150 13.40 
P71_19 20.87 131.2 5.9 125.4 2.7 230 100 0.53 
P71_20 23.26 155.5 4.1 152.3 2.1 204 61 2.53 
P71_21 4.44 63 3.9 57.1 1.6 290 110 19.60 
P71_22 17.04 100.6 5.7 100.5 2.1 120 120 2.40 
P71_23 4.44 73.9 8.5 74.1 3.9 110 220 5.50 





P71_25 24.15 no value NAN no value NAN no value NAN no value 
P71_26 25.48 76.8 9.6 52.2 1.3 670 180 18.40 
P71_27 25.92 97.4 2.5 96.8 1.2 127 61 2.16 
P71_28 27.70 123 4.7 122.2 2.5 159 71 5.49 
P71_29 24.59 100.9 7.2 107 3 30 140 2.24 
P71_30 10.38 53.7 4.8 51.2 3.7 200 180 134.00 
P71_31 20.87 171 15 157.6 4.8 320 190 2.85 
P71_32 24.15 94 4.1 93.5 1.8 141 91 1.67 
P71_33 23.70 139.7 4.2 127.8 2.7 341 64 5.76 
P71_34 21.48 499 24 183.2 3.6 2403 80 0.65 
P71_35 13.93 52.1 2.7 50.6 1.2 200 100 149.00 
P71_36 23.26 130.7 4.6 130.7 2 130 76 2.80 
P71_37 24.15 no value NAN no value NAN no value NAN no value 
P71_38 24.15 4520 390 3700 940 5120 160 1.50 
P71_39 25.92 123.6 7.2 108.7 1.7 380 120 1.66 
P71_40 9.49 68.1 3.4 63.6 2.2 220 110 23.00 
P71_41 24.15 no value NAN no value NAN no value NAN no value 
P71_42 6.66 62.9 3.8 54.4 1.8 400 130 34.60 
P71_43 15.71 97.5 6.8 82.8 2.2 420 140 3.28 
P71_44 27.70 136.9 5.7 134 2.6 197 97 1.31 
P71_45 28.14 67.5 2.2 65.8 1.8 127 56 12.40 
P71_46 12.16 59.1 3.3 47.9 1.5 480 110 17.60 
P71_47 27.70 94.8 3.6 86.9 1.2 279 77 1.90 
P71_48 5.05 66.4 4.1 61.3 2.9 220 110 24.60 
P71_49 18.65 131.2 6.7 123.4 2.4 240 110 2.87 
P71_50 4.88 69.4 5 56.4 3.1 510 110 75.00 
P71_51 16.15 994 12 950 10 1070 36 2.27 
P71_52 29.03 105.6 9 99.3 4 200 150 3.20 
P71_53 27.26 111.8 5.7 111.5 3.2 143 87 2.91 
P71_54 17.04 120 10 117.4 3.3 170 170 1.45 
P71_55 25.48 140.2 7.6 136.3 2.6 180 100 2.59 
P71_56 20.15 98.7 3.4 96.5 1.5 135 71 1.83 
P71_57 14.82 123.5 9.4 123.9 3.4 120 150 2.62 
P71_58 28.14 107 4.1 102 2.4 198 73 4.47 
P71_59 26.81 124.9 6.1 114.2 2.3 295 93 2.42 
P71_60 23.70 122.2 5.6 118.5 2.7 188 91 4.05 
P71_61 27.70 101.9 2.6 101 2 138 53 3.37 
P71_62 7.99 85.6 7.7 79.3 3.8 240 130 6.49 





P71_64 25.03 267.8 7.5 266 3.8 278 69 1.94 
P71_65 5.94 49.5 4.3 47.5 3.6 190 160 29.00 
P71_66 19.54 130 6.5 127.7 2.3 162 97 2.14 
P71_67 23.70 132.9 6.5 129.3 2.4 200 100 1.74 
P71_68 26.81 192 12 124 2.3 1000 130 7.67 
P71_69 24.59 156.4 6 153.1 2.2 208 79 1.88 
P71_70 17.93 1185 43 1092 56 1395 53 1.84 
P71_71 25.03 1390 15 1368 20 1429 30 0.67 
P71_72 24.15 112.6 2.8 113.7 1.4 105 54 1.75 
P71_73 23.70 132 3.4 130 2.2 170 52 4.67 
P71_74 28.14 85.3 2.6 81 1.7 240 59 1.38 
P71_75 27.26 211 17 133 3 990 160 2.42 
P71_76 29.48 121.1 4.9 120.2 3.1 166 79 3.26 
P71_77 25.03 968 9.8 948 13 1012 33 3.58 
P71_78 5.50 67.9 5.5 64.3 3.2 190 120 43.10 
P71_79 20.43 156.4 5.7 151.5 3.4 242 69 6.17 
P71_80 24.15 152.4 4.3 153.8 2.2 131 63 2.04 
P71_81 23.70 94.5 3.4 88.3 1.3 244 84 1.72 
P71_82 24.15 1609 12 1564 15 1660 22 1.29 
P71_83 27.70 115.4 4.5 111 3.3 195 66 3.42 
P71_84 4.61 80.2 7.4 75.6 7.6 230 160 22.20 
P71_85 21.32 153.1 5.4 145.5 2 255 66 1.67 
P71_86 27.26 127 7.4 121.9 4.1 195 94 2.09 
P71_87 17.49 104.1 7 84.2 2.5 520 140 2.69 
P71_88 20.59 86.4 2.3 81.1 1 218 52 2.53 
P71_89 23.26 94 2.8 88.1 1.2 247 64 1.87 
P71_90 28.59 131.1 5.5 130.4 2.3 155 87 2.21 
P71_91 8.16 63.5 4.9 59.9 2.2 190 170 14.90 
P71_92 17.76 94.9 6.9 91.8 2.2 160 150 3.14 
P71_93 28.14 91.8 3.3 89.1 1.7 175 76 3.02 
P71_94 25.92 94.5 2.1 93.4 1.4 128 42 2.25 
P71_95 20.59 127 10 126.9 4.2 160 160 2.23 
P71_96 24.15 964.5 9.3 931 10 1045 26 2.79 
P71_97 5.77 90.2 9.6 64.2 3 750 260 7.70 
P71_98 9.33 96.5 8.4 87.3 3.7 290 160 2.59 
P71_99 12.16 137 10 128.5 3.8 240 160 1.84 
P71_100 24.15 94.5 3.6 93.6 1.4 119 79 1.85 
P71_101 9.05 78.9 6.6 64 2.6 490 180 7.33 





P71_103 27.26 128.9 5.5 128.9 2.4 147 91 4.55 
P71_104 28.14 101.9 4 101.3 1.9 107 76 1.71 
P71_105 27.26 68.3 3.9 64.5 3.8 275 93 35.50 
P71_106 28.14 99 3.8 88.8 1.9 324 77 2.48 
P71_107 19.26 170 10 124.8 3.3 760 130 2.50 
P71_108 19.71 135 10 128.5 3.4 220 150 3.36 
P71_109 24.15 141.1 3.5 124.7 1.5 414 57 1.70 
P71_110 29.03 88.1 2.9 87.1 1.8 132 70 2.12 
P71_111 23.70 100.3 5.4 93.6 1.9 220 110 1.62 
P71_112 12.88 98.2 8.8 58.9 4.3 1140 200 167.00 
P71_113 13.04 113.1 8.2 99.2 3.2 360 150 3.46 
P71_114 10.38 59.1 2.9 59.2 2.5 110 120 23.90 
P71_115 16.88 104.7 7.3 107.4 2.8 80 140 1.42 
P71_116 24.15 90.2 3.3 82.3 2.1 277 73 2.38 
P71_117 24.59 151.7 4.6 148.9 2.3 195 68 2.79 
P71_118 3.72 59.9 6.2 56.2 5.8 230 180 31.00 
P71_119 23.09 128 12 90.4 2.1 780 180 2.07 
P71_120 6.66 71.1 6.4 57.4 4.7 490 180 48.00 
P71_121 20.59 230 11 213.5 7.7 370 75 2.47 
P71_122 13.49 150.4 6.5 145.8 4.5 220 110 6.34 
P71_123 4.44 61.8 5.9 57.5 4.7 240 170 21.60 
P71_124 21.93 80.1 2.9 80.7 1.8 94 77 3.25 
P71_125 24.15 98.7 2 97.8 1 129 43 1.49 
P71_126 5.49 67.2 5.7 65.2 3.5 130 130 11.70 
P71_127 15.54 226.2 8.7 218.2 4 293 88 0.95 
P71_128 24.15 145.5 6.5 138.4 2.5 238 92 1.73 
P71_129 5.05 95 11 87 8.9 300 170 6.53 
P71_130 22.20 128.7 5.2 124.7 2.7 192 82 2.97 
P71_131 8.16 310 13 47.6 2 3691 76 18.70 
P71_132 16.88 187 30 68.2 2.6 1810 220 4.84 
P71_133 27.26 164.1 7.2 144.1 2.2 409 96 2.04 
P71_134 8.60 64.3 5.8 59.8 3.9 170 140 11.60 
P71_135 21.76 151.2 8.1 140.5 3.6 330 110 0.67 
P71_136 25.48 91.6 4.8 92.4 2.7 83 89 1.91 
P71_137 7.72 56.4 5.6 53.7 5 178 99 70.00 
P71_138 23.54 145.5 7.9 144.4 3.3 170 110 2.00 
P71_139 25.92 90.3 4 86.5 1.8 182 87 1.64 
P71_140 24.15 1115 55 1009 59 1391 29 1.23 





P71_142 20.59 140.4 8.1 143 2.8 100 110 1.47 
P71_143 7.72 55.5 5.6 52.8 2.1 150 170 26.60 
P71_144 18.21 108.4 6.3 105.2 1.8 170 120 1.65 
P71_145 21.48 163.4 6.7 152.6 4.1 316 77 3.07 
P71_146 21.93 102 4.5 101 2.2 130 86 2.46 
P71_147 24.15 134.1 6.3 129.8 3.2 222 87 2.82 
P71_148 29.48 113 4 114.1 1.9 97 75 3.15 
P71_149 29.03 89.2 2.2 87.4 1.2 132 50 2.34 
P71_150 8.44 50.8 3 50.2 2.3 100 110 63.70 
P71_151 17.49 93.9 4.1 91.7 2.2 163 92 3.01 
P71_152 8.60 66.1 3.3 59.6 2.4 330 120 21.60 
P71_153 13.32 104.3 6.1 107.3 2.6 50 110 2.48 
P71_154 29.03 742 19 627 22 1127 43 5.19 
P71_155 3.27 89.1 5.7 78.1 3.5 370 170 5.98 
P71_156 23.98 111 5.6 105.1 1.9 220 110 2.33 
P71_157 8.88 68.8 3.1 60 3.1 390 110 0.39 
P71_158 18.82 133 4.7 131 2.5 169 76 1.84 

















P81b_0 6.80 77 8.7 72.5 4.1 270 260 4.84 
P81b_1 17.51 162.8 8.5 168.4 3.6 120 110 1.17 
P81b_2 27.47 88.2 2.8 79.6 1.2 311 74 1.40 
P81b_3 25.41 156.8 3.8 151.8 2.3 235 55 0.61 
P81b_4 22.41 1106 14 1054 16 1210 36 1.18 
P81b_5 21.74 1162 26 1151 26 1150 80 1.24 
P81b_6 27.78 95 12 88.3 5.5 190 240 0.90 
P81b_7 28.55 74.7 3.4 74.8 1.5 99 92 1.53 
P81b_8 27.50 153.4 6.3 158.9 2.8 111 87 0.86 
P81b_9 21.35 1438 11 1367 15 1545 23 12.27 
P81b_10 12.77 160.8 5.8 157.3 3.3 215 79 1.05 
P81b_11 26.80 161 5.2 157.5 4.4 215 68 1.29 
P81b_12 26.02 1147 11 1130 14 1179 26 2.92 
P81b_13 27.86 1359 13 1329 18 1413 33 2.68 
P81b_14 23.60 109 6.5 109.1 3.2 130 120 0.84 
P81b_15 28.34 161.7 4.6 160.6 2.8 191 62 0.86 
P81b_16 24.46 1585 15 1517 28 1669 34 3.49 
P81b_17 16.23 150.4 8.1 136.4 3.9 340 110 1.08 





P81b_19 22.21 254.7 8.1 240.2 4.4 362 67 1.32 
P81b_20 29.30 132.2 5 115.9 4 429 91 1.84 
P81b_21 8.86 70.3 3.1 67.6 2.4 182 70 122.00 
P81b_22 15.48 200.7 5.1 193.9 2.6 270 59 1.92 
P81b_23 26.69 91.2 2.5 91.2 1.4 135 61 1.66 
P81b_24 3.73 94.7 6.1 90.3 7.4 260 170 6.28 
P81b_25 6.52 163 14 160.9 5.9 170 160 1.75 
P81b_26 11.86 1316 16 1229 15 1457 48 1.95 
P81b_27 25.48 1368.3 9.5 1348 11 1391 23 1.22 
P81b_28 23.44 170.1 5.5 166.6 2.5 212 72 0.64 
P81b_29 21.32 98.2 6.2 86 2 360 130 0.99 
P81b_30 24.15 1680.4 9 1678 20 1674 22 2.77 
P81b_31 26.98 1373 13 1345 16 1406 23 2.47 
P81b_32 19.56 1426 15 1313 20 1589 23 3.04 
P81b_33 23.49 82.2 2.8 79.9 1.5 151 70 2.31 
P81b_34 20.49 126 6 124.3 4.7 168 92 1.06 
P81b_35 23.31 1627 15 1432 24 1889 23 4.90 
P81b_36 25.42 1498 14 1437 21 1581 26 3.32 
P81b_37 24.31 1336 12 1289 14 1409 27 4.07 
P81b_38 27.52 1022 13 1016 11 1021 39 2.71 
P81b_39 24.15 no value NAN no value NAN no value NAN no value 
P81b_40 24.15 70.6 1.9 70.28 0.93 93 57 1.44 
P81b_41 23.47 1458.2 9.1 1405 13 1534 19 5.18 
P81b_42 21.95 1522 16 1443 25 1628 33 1.73 
P81b_43 27.67 102.2 3.1 101.4 1.7 122 66 2.13 
P81b_44 20.19 92.3 3.2 88.5 1.7 183 69 1.79 
P81b_45 27.40 1005 22 922 30 1187 59 1.39 
P81b_46 9.57 61 14 21.3 2.8 1440 660 37.00 
P81b_47 18.98 152.1 4.8 153.9 3 138 69 1.43 
P81b_48 27.79 93.6 2.5 93 1.5 110 55 2.63 
P81b_49 28.29 170 5.4 165.2 2.7 218 68 1.52 
P81b_50 2.30 80 18 73 16 310 350 15.80 
P81b_51 23.65 162.8 6.9 154.1 3.1 271 97 0.77 
P81b_52 21.02 1539 17 1428 26 1684 30 2.85 
P81b_53 24.48 94.5 3.6 91.3 1.9 172 80 2.96 
P81b_54 27.73 75.6 2.2 74.3 1.5 124 57 1.39 
P81b_55 22.51 151 4.1 148 3.1 193 55 0.61 
P81b_56 22.43 68.8 3.2 69.1 1.7 79 97 1.59 





P81b_58 24.15 99.7 5.6 101.3 3.1 100 110 2.22 
P81b_59 25.86 1630 14 1580 21 1693 30 1.17 
P81b_60 24.15 76.9 2.9 72.1 1 207 75 1.20 
P81b_61 27.23 16.7 2.8 18.64 0.94 -170 250 6.69 
P81b_62 28.15 77.9 3 72.1 1.2 234 84 1.76 
P81b_63 28.60 202 12 158.4 2.9 642 96 1.15 
P81b_64 26.89 101.6 3 96.3 1.8 235 63 55.70 
P81b_65 18.69 172.8 9.4 170.2 3.4 190 120 0.84 
P81b_66 14.75 1643.5 9.8 1668 21 1605 20 14.42 
P81b_67 25.48 85.3 2.7 83 1.3 117 59 4.23 
P81b_68 26.33 238.2 9 230.7 3.8 281 82 0.75 
P81b_69 27.86 75.6 2 73.72 0.88 141 59 4.94 
P81b_70 20.88 1600.5 8.4 1561 15 1645 16 1.69 
P81b_71 28.46 92.1 2.5 87.9 1.6 183 57 1.95 
P81b_72 24.15 149.1 7.1 145.9 4.3 184 98 1.81 
P81b_73 25.98 151.6 9.8 149.4 5 190 130 0.82 
P81b_74 28.32 1698 11 1680 17 1720 19 1.87 
P81b_75 28.22 82.7 4.1 77.9 1.4 230 100 1.30 
P81b_76 25.22 1160 21 1140 19 1190 57 0.99 
P81b_77 24.15 no value NAN no value NAN no value NAN no value 
P81b_78 18.82 1385 15 1351 20 1431 37 2.37 
P81b_79 23.70 145.9 5.1 124.2 2.2 477 71 0.41 
P81b_80 27.92 165.9 5.5 160.7 2.6 216 67 1.88 
P81b_81 24.15 122.7 5.2 105.7 2.5 454 93 2.47 
P81b_82 22.76 1684 15 1636 21 1727 27 1.32 
P81b_83 24.15 no value NAN no value NAN no value NAN no value 
P81b_84 28.85 112.5 5.4 107.4 4.9 210 67 0.74 
P81b_85 18.97 156.9 5.6 153 4.6 204 68 0.74 
P81b_86 24.30 1660 10 1631 14 1686 24 1.24 
P81b_87 24.15 no value NAN no value NAN no value NAN no value 
P81b_88 27.88 87.1 5.4 60.8 1.7 800 120 5.57 
P81b_89 24.50 1132 22 1103 27 1188 39 3.28 
P81b_90 27.17 1519 22 1295 27 1847 46 1.42 
P81b_91 24.36 175.9 7.2 147 4 571 90 1.19 
P81b_92 24.15 no value NAN no value NAN no value NAN no value 
P81b_93 24.15 no value NAN no value NAN no value NAN no value 
P81b_94 24.15 no value NAN no value NAN no value NAN no value 
P81b_95 24.15 no value NAN no value NAN no value NAN no value 





P81b_97 20.55 145.7 7.2 104.7 2.5 840 110 1.97 
P81b_98 24.15 no value NAN no value NAN no value NAN no value 
P81b_99 24.73 1656.1 7.6 1638 14 1682 17 1.95 
P81b_100 25.58 1362 11 1319 14 1436 26 3.10 
P81b_101 27.62 95.3 2.5 93.8 2.2 142 49 2.16 
P81b_102 5.53 53.9 5.3 53.2 5 140 130 11.20 
P81b_103 19.89 156.8 4.6 155.3 2.9 193 67 0.61 
P81b_104 22.66 1575 11 1514 16 1651 21 3.65 
P81b_105 14.79 1055 32 1002 21 1178 83 1.37 
P81b_106 27.51 27.5 5.6 18.8 1.6 300 430 13.40 
P81b_107 26.91 80.8 7.6 83.8 2.9 30 170 0.51 
P81b_108 24.26 154.1 7.9 152.9 2.2 170 110 0.98 
P81b_109 24.48 1537 14 1429 24 1695 26 26.30 
P81b_110 17.37 1335 12 1290 18 1408 26 2.31 
P81b_111 23.93 154.5 9.6 111.5 2.3 760 150 2.00 
P81b_112 26.99 181 11 131.4 4 790 100 0.61 
P81b_113 28.18 247.9 7.7 245.2 6.8 265 65 2.80 
P81b_114 25.26 78.1 3.3 71.3 1.2 268 90 1.09 
P81b_115 26.22 1646 10 1607 14 1691 21 1.38 
P81b_116 6.41 85.4 9.7 67.8 2.8 540 230 1.85 
P81b_117 17.74 663 19 417 16 1623 26 2.88 
P81b_118 24.31 119.6 5.1 116.4 2.1 189 92 1.80 
P81b_119 27.79 83.9 3 83.7 1.3 119 77 3.06 
P81b_120 19.57 93.5 4.5 94 2.6 95 85 2.89 
P81b_121 21.78 74.6 4.2 69.9 2.7 210 100 5.90 
P81b_122 8.84 308 22 195 15 1260 190 41.20 
P81b_123 16.57 1313 13 1265 19 1398 29 2.56 
P81b_124 24.15 no value NAN no value NAN no value NAN no value 
P81b_125 29.15 113.3 3 110.3 2.8 178 53 2.90 
P81b_126 28.24 132 4.9 122.1 2.9 309 85 1.44 
P81b_127 24.45 94.8 2.5 93.8 1.2 120 57 1.99 
P81b_128 27.94 1533 20 1411 17 1694 41 2.34 
P81b_129 26.34 1600.3 7.8 1547 17 1668 19 12.47 
P81b_130 7.50 774 42 509 36 1676 93 7.01 
P81b_131 20.37 1582 20 1528 35 1671 30 2.65 
P81b_132 27.48 74.5 2.6 71.8 1 167 71 1.73 
P81b_133 21.80 138.3 7.2 119.9 2 440 120 1.73 
P81b_134 27.25 1531 25 1323 15 1834 59 2.95 





P81b_136 13.24 506 17 457 13 716 86 1.38 
P81b_137 27.37 845 15 595 13 1586 31 4.48 

















P145_1 27.67 80.7 2.1 79.99 0.83 98 58 2.91 
P145_3 16.33 66.2 2 62.3 1.3 207 63 12.70 
P145_4 18.43 1663.3 9.5 1582 19 1754 26 5.50 
P145_5 27.68 165.7 3.2 165 2.3 167 40 1.80 
P145_7 27.67 159.4 5.7 161.4 2.3 126 76 0.43 
P145_8 16.37 1472 12 1342 18 1661 19 2.72 
P145_9 3.18 36 4.8 34.9 4.3 140 250 34.00 
P145_10 13.80 121 6.1 120.1 4.5 140 100 1.96 
P145_11 20.74 165.9 3.7 163.3 2 187 55 1.10 
P145_12 24.94 72.5 2.5 68.7 2.2 214 60 17.30 
P145_13 6.88 87.4 3.5 85.7 3.8 163 93 6.44 
P145_14 6.10 1433 14 1263 25 1701 27 2.14 
P145_15 8.17 159.3 4.2 159.4 4.8 155 51 1.40 
P145_16 22.80 82 1.6 81.7 1 94 35 4.43 
P145_17 2.42 66.8 4.5 62.4 3.5 230 100 36.90 
P145_18 24.02 81.6 2.3 83.8 1.2 46 58 3.60 
P145_19 12.72 77.5 2.1 75.3 1.9 160 52 10.70 
P145_20 17.98 126.7 3.8 123.6 2.9 188 59 2.69 
P145_21 3.64 94.4 8.3 82.2 4.3 390 120 39.70 
P145_22 11.49 935 21 816 23 1232 52 1.97 
P145_23 4.81 67.6 3.1 67.5 2.1 76 68 118.00 
P145_24 6.16 731 16 688 19 865 40 1.01 
P145_25 23.82 220.8 3.4 218.5 2.6 256 38 3.33 
P145_27 25.88 82.8 2.6 79.7 2 176 51 8.50 
P145_28 7.96 1694 13 1655 22 1739 20 1.84 
P145_29 23.82 196.7 3.1 194.3 2.5 221 38 14.00 
P145_30 13.57 94.8 4.8 86.3 2.3 300 120 2.22 
P145_31 20.23 176.9 3.6 176.2 1.9 180 46 1.16 
P145_32 11.05 82 4 76.7 2.2 230 110 16.40 
P145_33 13.55 139.9 9.1 131.2 3.3 250 130 3.14 
P145_34 23.31 167.1 2.4 168.8 1.5 145 34 0.56 
P145_35 27.67 77.8 2.1 78.7 1.2 70 56 2.17 
P145_36 27.67 79.8 2.3 79.87 0.88 85 59 1.52 





P145_39 23.05 85.2 2.3 83.6 1.2 133 62 3.07 
P145_40 3.34 123.4 8 120.4 2.5 150 120 2.63 
P145_41 21.25 160.2 3.9 165.6 2.1 102 55 1.00 
P145_42 2.83 105.1 8.6 103.6 3.9 130 140 2.07 
P145_43 19.46 164.6 5 165.1 3.1 164 70 0.70 
P145_44 23.05 1713 11 1715 21 1713 18 5.47 
P145_45 25.36 128.1 1.9 127.4 1.3 148 36 9.04 
P145_47 16.12 1576 13 1515 20 1658 19 4.80 
P145_48 4.56 84.3 5.6 82.9 3.5 130 120 9.01 
P145_49 14.83 161.8 3.5 158.3 3.1 207 48 0.92 
P145_50 8.48 133.4 3.9 131.8 3.4 176 65 7.49 
P145_51 15.86 166 3.1 166.2 2.8 164 44 2.56 
P145_52 14.83 1623 13 1586 28 1670 29 2.40 
P145_54 18.42 84.2 2.4 81.6 2.6 156 59 12.20 
P145_55 22.80 1209 13 1202 20 1219 33 1.04 
P145_56 23.62 78.2 1.8 75.7 1.3 150 45 11.90 
P145_57 10.17 64.3 2.1 63 1.8 116 65 68.00 
P145_58 8.48 72.8 2.6 67.2 1.8 249 78 15.20 
P145_59 5.52 168.7 8.1 166.2 3.6 190 110 1.34 
P145_61 27.67 76.7 2.4 77.7 1.6 72 65 3.27 
P145_62 26.39 77.7 2.3 77.8 1.3 84 55 5.63 
P145_63 6.79 83.9 6.2 83 4.2 70 110 5.22 
P145_64 27.67 1666.5 8.2 1645 16 1697 16 1.36 
P145_65 7.83 71.6 3.1 70 2.4 135 90 10.23 
P145_66 14.78 89.5 3.2 87.6 2 172 79 3.56 
P145_67 10.21 1564.4 8 1509 18 1636 19 6.05 
P145_68 27.67 82.5 1.8 82.7 0.86 87 45 1.43 
P145_69 21.00 1232 11 1239 11 1214 30 1.05 
P145_70 14.57 1721 22 1661 46 1790 42 2.45 
P145_71 15.86 69.4 2.6 68.2 2.2 127 70 50.70 
P145_72 4.75 72.1 2.9 70.4 2.5 124 59 15.00 
P145_73 19.59 121.7 3.6 119.9 2.3 156 60 1.89 
P145_74 8.15 1154 40 933 42 1597 67 9.40 
P145_75 17.66 1684 11 1645 18 1730 20 8.77 
P145_76 1.54 502 15 330 13 1382 50 18.82 
P145_77 17.66 1661 10 1665 18 1644 16 2.57 
P145_78 6.65 61.3 2 57.4 1.9 237 78 40.30 
P145_79 5.55 123.9 6.3 120.2 3.9 190 110 5.74 





P145_86 2.77 80.3 4.8 80 3.7 88 76 10.80 
P145_87 16.43 166.6 2.5 166.5 1.8 175 39 0.76 
P145_88 27.67 1642.7 6.4 1598 10 1700.6 9.1 13.59 
P145_89 16.12 1720 11 1701 17 1743 21 3.47 
P145_90 14.83 1534.9 9.3 1528 17 1546 17 13.40 
P145_92 21.00 1798 18 1658 46 1970 47 3.58 
P145_93 18.68 1108 14 1069 14 1179 32 2.38 
P145_94 13.80 1617 11 1585 21 1657 21 3.33 
P145_95 4.39 269 13 179.8 8.2 1123 95 52.90 
P145_96 15.60 1388 8.8 1353 13 1436 20 2.77 
P145_98 19.32 176.9 6.2 166.4 3 297 77 0.83 
P145_101 6.68 144 5.4 134.5 3 278 75 5.15 
P145_102 15.50 275.9 7.9 239.3 5.9 575 56 6.17 
P145_103 5.65 65.1 2.9 62.8 2.2 138 81 177.00 
P145_104 14.58 163.3 4.3 159.6 2.3 205 62 0.88 
P145_105 27.67 76.8 1.8 76.43 0.93 102 47 3.42 
P145_106 27.67 168.2 2.3 168.5 1.2 153 32 1.18 
P145_107 5.93 80.3 2.9 78.1 2.3 130 71 14.70 
P145_108 10.82 95.8 4 95.1 1.6 105 93 2.10 
P145_109 2.03 123 17 90 11 770 110 72.70 
P145_110 14.83 1585 13 1533 19 1647 22 1.20 
P145_111 5.22 60.6 5 59.3 4.7 120 110 26.20 
P145_112 14.70 142 12 130.1 4.3 280 130 1.32 
P145_113 27.68 82.3 1.8 80.27 0.96 136 47 2.17 
P145_114 8.99 535 15 410 12 1087 48 14.58 
P145_115 13.80 1171 15 1162 21 1171 48 1.80 
P145_116 27.67 167.4 2.4 165.4 1.4 187 36 1.06 
P145_117 1.36 85.6 8.8 73.6 4.7 410 130 109.00 
P145_118 15.35 1153 19 1133 15 1186 52 0.99 
P145_119 21.51 169 3.9 170.6 2.3 159 53 0.90 
P145_120 3.61 169.5 7.6 159.2 5.6 313 96 0.93 
P145_121 18.42 154.1 4.4 149.5 3.5 232 61 2.14 
P145_122 18.69 1005 14 910 16 1202 33 1.84 
P145_124 18.94 97.8 3.1 98.7 2.4 114 73 4.02 
P145_125 2.05 143 20 133 17 300 240 2.23 
P145_126 8.67 1522 25 1468 46 1585 49 4.73 
P145_127 6.48 149 11 106.8 5.2 840 120 2.93 
P145_130 5.84 166.4 5.1 162.7 2.9 208 78 1.11 





P145_134 17.40 106.9 2.9 107.2 1.9 105 51 1.82 
P145_135 6.10 90.4 1.6 89.6 1.6 116 41 160.40 
P145_136 9.73 80.4 1.9 79.2 1.8 127 53 177.90 
P145_137 5.33 81.9 4.3 78.5 2.9 179 77 36.00 
P145_138 5.24 178 8.7 163.7 4 360 110 0.89 
P145_139 14.58 1564 14 1475 27 1696 18 2.99 
P145_141 26.01 110 3.5 109.2 1.8 135 68 1.99 
P145_142 2.31 64.3 2.6 64.3 1.7 78 59 63.00 
P145_143 17.14 170.2 3 169.9 1.8 176 42 1.02 
P145_145 24.59 150.7 3.2 152.3 2.2 135 47 1.24 
P145_146 26.65 125.2 2.6 121.4 1.7 207 37 3.15 
P145_147 21.25 162.2 3.7 162.6 2 167 52 0.76 
P145_148 12.52 1514 13 1432 15 1636 17 2.45 
P145_151 11.53 76.3 2.8 78.2 2.1 51 76 3.82 
P145_152 27.67 74.7 1.5 75.7 1.3 64 42 2.07 
P145_153 6.42 109.2 5.5 101.6 5 268 74 6.30 
P145_154 15.16 161.8 4 159.3 2.3 202 63 0.71 
P145_155 3.85 66.1 2.5 64.6 2.1 114 82 57.70 
P145_156 20.23 124.1 3.8 123.6 1.7 149 71 2.97 
P145_157 27.67 82.8 1.9 81.56 0.94 120 46 1.81 
P145_158 6.87 237.4 5.7 231.9 6 282 44 6.66 
P145_159 5.39 1146 24 918 26 1601 28 6.16 

















1116_P12_1 4.81 107.9 6.5 101.6 3 250 140 30.60 
1116_P12_2 28.88 161.2 3.9 159.6 2.5 179 52 3.12 
1116_P12_3 14.33 123.9 8.7 124.3 6.8 130 110 9.30 
1116_P12_4 20.90 250.8 8.2 255.6 5.2 197 69 1.15 
1116_P12_5 2.99 71 13 68.7 6.5 180 340 23.70 
1116_P12_6 17.55 278 28 160.5 6.4 1200 220 0.81 
1116_P12_7 21.09 112 17 97.9 5 270 260 4.06 
1116_P12_8 31.96 1474 18 1352 32 1704 31 5.17 
1116_P12_9 38.67 100.2 5.2 97.1 2 170 100 1.96 
1116_P12_10 25.35 75.9 5.8 67 2.1 300 150 14.80 
1116_P12_11 20.90 261.9 6.7 256.3 3.6 302 62 1.45 
1116_P12_12 38.67 80.8 2.2 78.9 1 147 59 1.27 
1116_P12_13 4.62 67 16 54.3 7.6 450 540 2.00 





1116_P12_15 28.25 1616 11 1563 16 1677 19 3.62 
1116_P12_16 3.54 77.9 8.9 83.6 5.3 -10 220 12.80 
1116_P12_17 27.98 150 7.7 153.6 2.5 120 100 0.90 
1116_P12_18 36.50 81.4 3.8 72.3 1.5 321 93 3.78 
1116_P12_19 36.13 106.5 4 100.4 1.9 247 78 2.36 
1116_P12_20 23.35 1580.1 8 1543 13 1681 16 33.50 
1116_P12_21 12.11 335 10 203.8 6.5 1372 61 17.04 
1116_P12_22 38.58 94.5 2.9 97.1 1.5 62 61 6.92 
1116_P12_23 28.25 1610 6.5 1567 10 1662 14 4.04 
1116_P12_24 7.80 290 24 178 12 1340 120 31.60 
1116_P12_25 21.99 1683 21 1700 29 1654 47 1.53 
1116_P12_26 18.91 81 1.9 80.2 1.4 142 52 5.80 
1116_P12_27 35.50 99.1 3.3 99.3 1.9 105 60 1.79 
1116_P12_28 37.49 86.9 3 89.3 1.9 52 59 2.36 
1116_P12_29 38.31 84.5 2.5 84.5 1.3 110 58 1.10 
1116_P12_1 38.67 80.8 1.9 77.78 0.84 208 54 1.61 
1116_P12_2 36.77 89.9 2.9 83.3 1.2 290 76 1.83 
1116_P12_3 37.84 83.7 3.1 86.2 2 59 70 2.35 
1116_P12_4 27.40 1641 22 1472 27 1859 29 6.81 
1116_P12_5 21.19 1524 10 1443 12 1656 17 19.83 
1116_P12_6 22.01 1376 12 1159 12 1741 23 2.43 
1116_P12_7 5.97 61 17 55.9 3.4 180 510 -22.00 
1116_P12_8 22.59 1700 14 1698 20 1717 25 3.85 
1116_P12_9 5.55 328 40 202 13 1210 260 9.20 
1116_P12_10 20.36 1307 13 1260 19 1399 32 1.01 
1116_P12_11 38.67 87.8 4 86.8 3 146 80 3.10 
1116_P12_12 24.00 1609 21 1455 30 1707 26 2.24 
1116_P12_13 37.10 132 5.1 141 2.6 36 78 0.89 
1116_P12_14 22.43 84.1 2.6 82.4 1.5 147 63 0.83 
1116_P12_15 26.41 251.6 9.2 256.1 4.3 218 86 1.32 
1116_P12_16 19.03 152.2 5.4 153.2 2.9 186 73 1.94 
1116_P12_17 38.67 72.1 4 69 1.8 200 110 0.74 
1116_P12_18 38.67 75.4 5.4 77.9 2.1 30 130 2.67 
1116_P12_19 22.84 78.9 2 75.7 1.1 66 44 1.43 
1116_P12_20 38.67 no value NAN no value NAN no value NAN no value 
1116_P12_1 27.67 78.9 2.7 77.9 1.9 115 60 2.95 
1116_P12_2 14.45 1446 20 1374 29 1553 30 2.11 
1116_P12_3 27.68 725 32 607 34 1140 30 4.32 





1116_P12_5 18.61 1452 17 1391 25 1543 20 11.34 
1116_P12_6 27.67 94.2 2.3 92 1.9 151 39 20.36 
1116_P12_7 25.05 86.5 2.4 88.7 1.8 58 49 2.25 
1116_P12_8 13.26 267.7 8.4 264.6 5.8 300 64 2.80 
1116_P12_9 16.43 156.7 4.7 158.3 3.3 133 60 1.24 
1116_P12_10 12.72 1334 20 1100 23 1738 30 2.57 
1116_P12_11 22.76 70.6 2.4 71.5 1.6 68 68 1.65 
1116_P12_12 25.38 1620 16 1534 23 1738 25 2.17 
1116_P12_13 26.36 70.8 2 71.8 1.4 62 51 1.28 
1116_P12_14 15.66 92.4 3.9 69.2 1.9 719 83 12.80 
1116_P12_15 21.12 90.9 3.5 81.3 1.7 321 86 1.64 
1116_P12_16 27.68 73.6 2.9 68.4 1.3 230 83 1.96 
1116_P12_17 22.65 1755 14 1760 25 1741 21 2.79 
1116_P12_18 26.15 82.1 2.5 75 1.1 259 66 1.48 
1116_P12_19 24.40 98.8 2.1 95.5 1.6 145 44 2.82 
1116_P12_20 20.03 1682 24 1713 38 1624 29 4.27 
1116_P12_21 28.55 84 2.3 80.9 1.2 132 52 2.01 
1116_P12_22 16.21 94.9 4 84.2 2.2 335 98 1.29 
1116_P12_23 22.43 154.4 4.5 149.6 2.6 200 59 1.03 
1116_P12_24 19.38 1287 19 1070 23 1651 36 2.19 
1116_P12_25 26.47 91.9 5.7 92.3 2.3 80 120 0.96 
1116_P12_26 21.23 141.6 6.3 137.4 3.5 187 91 0.42 
1116_P12_27 17.85 143.6 7.8 137.8 4.3 210 100 1.36 
1116_P12_28 13.81 171 12 154.9 4.9 330 150 1.56 
1116_P12_29 18.07 134 5 129 3 245 85 0.62 
1116_P12_30 17.52 105.5 3.4 100.8 2.1 202 65 3.54 
1116_P12_31 12.88 86.6 5.8 78.1 2.8 260 120 5.40 
1116_P12_32 13.26 134.6 6.2 129.5 2.8 226 91 0.75 
1116_P12_33 27.68 85.8 3.6 86.6 1.9 92 84 2.83 
1116_P12_34 27.67 1309 48 1145 66 1674 24 3.08 
1116_P12_35 26.91 77.7 2.1 79.4 1.3 60 55 0.84 
1116_P12_36 14.68 134.5 5.7 132.5 4.5 196 73 1.33 
1116_P12_37 15.72 90 9 83.2 3.9 230 190 7.10 
1116_P12_38 11.19 160.9 8.6 162.5 4.9 160 110 1.42 
1116_P12_39 24.18 169.6 4.8 162.5 3.1 265 59 0.85 
1116_P12_40 26.91 97.2 3.4 96.4 1.9 127 69 4.38 
1116_P12_41 27.67 83.9 3.3 77.1 1.5 274 85 1.29 
1116_P12_42 18.72 98.3 8 82.6 2.4 380 160 1.70 





1116_P12_44 26.47 84.8 3.3 80.9 1.8 193 76 3.87 
1116_P12_45 23.64 97.8 4.4 80.9 1.5 510 100 1.37 
1116_P12_46 17.96 1442 19 1354 19 1571 34 2.52 
1116_P12_47 19.16 108.1 5.7 114.3 3.2 50 100 1.69 
1116_P12_48 25.27 97.8 2.4 97.3 1.8 131 52 1.50 
1116_P12_49 11.73 83.3 6.5 63.6 2.7 680 160 47.80 
1116_P12_50 26.69 80.7 1.8 80.7 1.2 101 37 2.99 
1116_P12_51 27.13 76.2 1.7 73.9 1.1 152 42 1.24 
1116_P12_52 17.08 1736 14 1743 26 1744 21 1.54 
1116_P12_53 25.38 103.7 3.4 103.4 2 122 63 2.37 
1116_P12_54 9.88 85 13 56.9 2.9 760 290 20.00 
1116_P12_55 3.28 92 23 53.1 5.5 1010 640 31.90 
1116_P12_56 16.76 261.3 7.6 253.2 6.1 319 65 1.96 
1116_P12_57 3.76 69 19 53.6 4.2 350 530 -1.00 
1116_P12_58 18.13 1580 30 1507 50 1687 23 0.93 
1116_P12_59 28.44 99 3.9 87.3 1.5 376 88 1.67 
1116_P12_60 3.06 90 22 57.9 7.5 990 510 -1.00 
1116_P12_61 16.10 1675 20 1610 29 1741 24 8.60 
1116_P12_62 17.52 92.1 5.2 83.3 2.1 270 110 2.19 
1116_P12_63 27.67 87.6 2.9 85.2 1.6 145 64 2.68 
1116_P12_64 6.27 69.8 6.2 70 3 70 170 5.09 
1116_P12_65 14.96 1642 21 1545 34 1757 33 7.90 
1116_P12_66 10.37 70.9 5.1 68.1 2.4 160 150 1.75 
1116_P12_67 16.65 104.1 5.7 96.9 2.3 200 110 0.57 
1116_P12_68 2.75 101 33 58.1 9.8 980 550 -15.00 
1116_P12_69 19.55 1454 17 1347 28 1599 26 52.10 
1116_P12_70 26.36 84.5 4 86.6 1.6 43 93 2.02 
1116_P12_71 21.12 1638 14 1601 24 1672 19 2.17 
1116_P12_72 23.74 89.4 3.4 88.6 2 111 70 4.28 
1116_P12_73 28.55 77.5 2.6 72.9 1.4 214 68 2.68 
1116_P12_74 27.67 95.9 1.5 96 1.3 95 33 3.19 
1116_P12_75 2.95 60 17 51.8 9.6 560 640 -65.00 
1116_P12_76 19.38 1579 26 1454 38 1747 39 6.31 
1116_P12_77 24.18 85.5 4.1 79.1 2.8 252 88 3.69 
1116_P12_78 18.29 1675 19 1646 34 1712 26 3.81 
1116_P12_79 24.07 106.9 4.6 100.8 3.7 244 55 26.18 
1116_P12_80 25.71 79.5 3.3 76.3 1.6 167 83 1.76 
1116_P12_81 28.00 88.2 4 85.5 2.5 164 85 2.42 





1116_P12_83 18.94 1652 16 1629 25 1676 28 1.10 
1116_P12_84 22.22 69 1.7 66.5 1.4 162 55 44.00 
1116_P12_85 11.19 212.4 6.8 210.3 5.9 228 61 1.67 
1116_P12_86 15.45 96 7.5 88.5 3 240 150 4.04 
1116_P12_87 26.37 92.5 2.6 85.9 1.5 270 66 3.80 
1116_P12_88 19.27 97.4 3.7 96.9 2.1 119 77 2.27 
1116_P12_89 27.57 120.4 7.8 90.8 2.8 660 130 0.72 
1116_P12_90 9.17 89.1 3.3 85.7 2.6 186 90 9.40 
1116_P12_91 10.97 328.3 9.6 314 10 424 52 2.12 
1116_P12_92 5.13 73 17 60.5 9.9 370 500 -33.00 
1116_P12_93 19.16 241.7 8.1 231.2 7.2 330 80 5.54 
1116_P12_94 20.47 1691 19 1619 27 1778 28 2.54 
1116_P12_95 19.05 1406 26 1225 36 1699 18 14.34 
1116_P12_96 27.67 78.2 2.6 73.9 1.2 191 67 1.57 
1116_P12_97 16.21 112.6 6.6 69.4 1.9 1120 120 5.29 
1116_P12_98 27.67 86.8 3.8 75.1 1.9 424 86 6.49 
1116_P12_99 26.26 1624 32 1506 56 1794 44 5.95 
1116_P12_100 13.92 73.5 3.8 71.7 2.7 170 110 5.00 
1116_P12_101 21.67 143.4 6 139.4 3.2 200 80 0.67 
1116_P12_102 6.77 122.9 5.5 114.3 2.8 305 97 1.21 
1116_P12_103 17.08 170 5.1 159.8 2.7 337 68 0.59 
1116_P12_104 17.52 73.5 4 69.9 2.6 221 99 7.80 
1116_P12_105 17.52 111.7 5.3 113.2 4.7 140 75 1.79 
1116_P12_106 22.11 92 3.4 86.2 1.8 280 79 3.17 
1116_P12_107 2.51 23.9 2.4 23.2 2.6 140 200 4.60 
1116_P12_108 22.98 100.5 3.2 102.8 3.4 95 59 5.67 
1116_P12_109 17.30 88.9 3.6 81.4 1.9 294 82 2.19 
1116_P12_110 15.66 1611 26 1557 47 1697 32 7.02 
1116_P12_111 24.94 138.8 3.8 138.8 2.6 138 53 2.03 
1116_P12_112 28.66 111.7 4.9 95.2 1.7 429 91 4.18 
1116_P12_113 28.44 146 14 62.5 2.7 1510 230 5.30 
1116_P12_114 2.18 53 25 61 10 -70 790 -19.00 
1116_P12_115 19.05 1141 26 979 34 1458 30 2.68 
1116_P12_116 15.66 1674 19 1638 31 1706 35 2.14 
1116_P12_117 19.59 85.4 4.7 79.6 2.6 240 110 1.88 
1116_P12_118 17.96 76 2.8 73.8 1.6 128 77 1.83 
1116_P12_119 17.41 1671 21 1627 31 1712 31 1.16 
1116_P12_120 22.00 138 11 123.6 4 310 150 0.80 





1116_P12_122 26.80 92.8 3.2 90.1 2 172 69 1.48 
1116_P12_123 27.24 178 12 118.1 4.8 990 110 2.18 
1116_P12_124 27.68 1618 14 1580 21 1674 19 11.62 
1116_P12_125 20.25 1581 19 1481 32 1725 32 5.63 
1116_P12_126 20.69 222.9 9.5 208.6 6.3 368 97 2.55 
1116_P12_127 27.67 73.1 4 72.6 2.3 110 100 5.10 
1116_P12_128 20.25 106.2 3.4 89.4 2 503 76 1.31 
1116_P12_129 27.67 85.2 2.1 83.8 1.4 128 48 2.01 
1116_P12_130 7.04 72 15 52.7 3.9 600 480 7.00 
1116_P12_131 19.16 86.3 4.2 81.7 1.8 210 100 1.81 
1116_P12_132 16.21 77.1 3.8 69 1.4 310 100 8.40 
1116_P12_133 27.67 220 4 214.1 3.1 262 42 2.37 
1116_P12_134 23.09 1645 19 1539 28 1772 22 2.42 
1116_P12_135 9.99 95 13 58.1 5.1 1030 270 16.30 



















































































































































































Appendix 10: CL Imagery of zircons from Igneous Intrusions 
Sample 0217-P43 
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Sample 0217-P47 
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